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ABSTRACT 

T 

The Phase D, Part 1 airworthiness and qualification handling quali- 
ties tests of the AH-1C lielicopter were conducted at Edwards Air 
Force Base, California, and auxiliary test sites during the period 
13 June 1968 through 21) .July 1969. Handling qualities were quanti- 
tatively evaluated to determine model specification compliance and 
to obtain mission suitability information for inclusion in tech- 
nical manuals and other publications. The A1I-1G met all contrac- 
tual requirements of MIL-H-8501A except for paragraphs 3.2.4 (cyclic 
force gradients), 3.2.7 (cyclic breakout forces), 3.5.4.1 (take- 
off and landing in winds), 3.5.5 (autorotational entry) and 3.5.5.1 

(aircraft reaction to engine failure). Tests were not conducted 
to verify compliance with paragraphs 5.5.4.5 (autorotational land- 
ings), 3.5.4.4 (autorotational landings) and 3.5.4.5 (autorotational 
landing with flotation gear) of M1L-II-8501A.  By contractual agree- 
ment, the handling qualities requirements presented in paragraphs 
3.3 (directional and lateral handling qualities) and 3.6 (handling 
qualities during instrument flight) of MIL-H-8501A were not anpli- 
cable. The handling qualities of the AH-1G are acceptable throughout 
the flight envelope except for the four deficiencies for which correc- 
tion is mandatory for mission accomplishment: excessive cyclic 
control breakout forces; inadequate directional control; inability 
to achieve maximum tail rotor blade angle (19 deg) when full left 
directional control is applied for all conditions with the pres- 
ent directional control/yaw SCAS geometry; and excessive tail rotor 
horsepower required foi hovering and translational flight. In addi- 
tion, there were five shortcomings for which corrective action is 
desirable. 
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INTRODUCTION 

BACKGROUND 

1. In October 1965, the Department of the Army directed the US 
Army Materiel Command (USAMC) to conduct an expedited comparative 
evaluation of a selected group of three helicopters to fulfill the 
immediate requirement for an armed helicopter. A flight test pro- 
gram was conducted on the three aircraft by the US Army Aviation 
Systems Test Activity (USAASTA) at Edwards Air Force Base (AFB), 
California, from 13 November to 1 December 1965. The AH-1G Huey- 
Cobra was the aircraft selected from the evaluation to meet this 
requirement. 

2. On 17 August 1966, USAASTA was directed by the US "^riiiy Test 
and Evaluation Command (USATECOM) to perform Phase B and Phase D 
testing of the AII-1G helicopter (ref 1, app I). A test plan for 
the Phase B engineering test was submitted by USAASTA in April 1967 
and approved by the US Army Aviation Systems Command (USAAVSCOM). 
Phase B tests were conducted at different test sites and geograph- 
ical locations from 3 April 1967 to 3 May 1968 utilizing several 
aircraft. The results of these tests arc contained in references 
2 through 8. The test plan for the Phase 1.1 program (ref 9) was 
initially submitted in August 1967 and was approved by USAAVSCOM 
on 24 October 1968. The Phase D plan of test was amended on 5 Novem- 
ber 1968 (ref 10) to include an additional test requested by USA- 
AVSCOM. Two aircraft were used for the Phase D test program to 
reduce the calendar time. One of the test aircraft was a proto- 
type (aircraft S/N 6615247) , and the other was a production 
model (aircraft S/N 6715695).  The results of the Phase D 
handling qualities tests ate  presented in this report (Part 1). 
The Phase D performance capabilities and vibration character- 
istics are presented in other reports (Part 2 and Part 3). No wing 
store jettison or armament subsystem firing tests were conducted 
during the Phase D program since adequate testing had been accom- 
plished in those areas during the AH-1G Phase B program. 

TEST OBJECTIVES 

3. The objectives of the AH-1G Phase D test program were as follows; 

a. To provide information for technical manuals and other ser- 
vice publications. 
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b. To determine compliance with applicable military specifica- 
t ions . 

c. To determine compliance with contract guarantees. 

d. To evaluate operational suitability for the armed helicopter 
mission. 

btiSCRIPTIOX 

4.  The Ail-lC; helicopter manufactured by Bell Helicopter Company 
(B1IC) was designed specifically to meet the US Army requirements 
for an armed helicopter.  Tandem seating is provided for a two- 
man crew.  The main rotor system is a two-bladed, semi-rigid, "door 
hinge" type with the stabilizer bar removed.  A conventional anti- 
torque rotor is located near the top oi the vertical stabilizer. 
The AJI-lli is equipped with a thrce-axn. Mahility and control augmen- 
tation system (SCAS) to improve the aircraft handling qualities. 
The helicopter is powered by a i.ycoming '155-1.-13 Uirhoshaft engine 
rated at 1-!()() slut ft horsepower (shp) at sea level (SI.) under stand- 
ard day, unmstalled conditions.  The engine is derated to 1100 
shp due to the maxi mum torque limit of the mam transmission.  Dis- 
tinctive features of the Ail-lC are:  the narrow fuselage (3(> inches), 
the stub midwing with four external store stations, the integral 
chin turret.  The flight control system is of the mechanica], hy- 
draulically boosted, irreversible type with conventional lulicoptcr 
controls in the aft cockpit (pilot station/.  The controls in the 
forward cockpit fcopilot/gunner station! consist of conventional 
antitorque pedals and sulearm collective and cyclic controls.  An 
electrically operated force trim system is connected to the cyclic 
and directional controls to induce artificial feel and to provide 
positive control centering.  The elevator is synchronized with the 
cyclic stick.  ihe armament configurations are changed by varying 
the wing stores and chin turret configuration.  The pilot operates the 
wing stores and can fire the chin turret on])' in the stowed position. 
The copilot/gunner operates the flexible turret and can also fire 

the wing stores in an emergency.  The wmi; stores can be jettisoned 
by either the pilot or gunner in case of emergency.  The design 
gross weight (grwt) for the AII-lC is 6f>00 pounds, and the maximum 
grwt is 9500 pounds.  More detailed aircraft information and oper- 
ating limits of the All-lC arc presented in appendix 11. 
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SCOPE OF TEST 

*gr 

t 

5.  During the Ail-lC Phase U test program, 256 flights were con- 
ducted for a total of 368.8 flight hours of which 227.9 hours were 
productive test hours. Testing was conducted in California, from 
12 June 1968 to 29.July 1969, at Shafter Airport (420-ft elevation), 
Edwards AFB (2300-foot elevation) and at high-altitude test sites 
near Bishop (4120-, 7010- and 9500-foot elevations). Testing was 
conducted to determine aircraft performance, handling qualities 
and vibration characteristics. Two aircraft were utilized during 
this test program. An early prototype aircraft (S/N 6615247) was 
utilized primarily for performance tests although a limited amount 
of stability and control testing was accomplished. A more current 
production aircraft (S/N 6715695) was utilized for the majority 
of stability and control testing.  This second test aircraft was 
utilized not only to decrease total calendar time required for test- 
ing, but also to comply witli USAASTA policy which recognized the 
desirability of performing handling qualities tests on a produc- 
tion aircraft.  A breakdown of flights and flight hours by individ- 
ual aircraft is presented in table 1. Of  these totals, 85 flights 
(84.5 productive flight hours) were devoted prin.arily to quantita- 
tive stability and control testing.  Throughout the test program, 
qualitative evaluations of handling qualities were made.  This re- 
port contains only the results of the handling qualities tests. 
The various aircraft configurations evaluated during the handling 
qualities portion of the program are listed in table 2. 

Table 1.  Test Flights and Productive Flight 'lime. 

Test helicopter 

Total 
Test 
Flights 

Hand!ing 
Quali ties 

Test 
(■"lights 

Tot a 1 
Product ive 
Test hours 

Productive 
Hand]ing 

Qua!itics 
Test Hours 

S/N 0615247 
(prototype ai rcraft11 

S/N 6715695 
(production aircraft)' 

20] 

55 

2S 

55 

161.8 18.4 

66.1 66.1 

Total (both aircraft) 256 85 227.9 84.5 

Fquippcd with TAT-102A turret:  one 7.62mm mini gun (XM154). 
'Equipped with XM28 turret in the hybrid configuration:  one 
mini gun (XM154) and one 40mm grenade launcher (XM329). 

, 62mm 
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Table 2. Aircraft Armament Configurations 

Configuration Armament Subsystems 

Clean TAT-102A or XM28 turret, no external 
wing stores 

Outboard alternate TAT-102A or XM28 turret, one XM159 
outboard each wing 

Heavy scout TAT-102A or XM28 turret, one XM18 
inboard each wing, one XM1S9 out- 
board each wing 

Heavy hog TAT-102A or XM28 turret, two XM159 
each wing 

6. The test program was conducted within the 1 iinitat ■;■ -ns estab- 
lished by the AJI-1C Sat'ety-of-l-'l iglit Release issued by ÜSAAVSCOM 
(refs 11 and 12, app I). 

7. 'Ifie empty weight of the test aircraft in a clean configura- 
tion with test instrumentation installed was 5790 pounds with 
the center of gravity (eg) at fuselage station (IS) 205.97 for 
aircraft S/N 6615247 and 5920 pounds with the eg at IS 200.59 
for aircraft S/N 6715695. 

8. The Ail-1G was evaluated as an armed tactical helicopter, capa- 
ble of day or night operation from prepared or unprepared areas. 
The handling qualities of the A11-1G helicopter were evaluated to 
determine compliance with the requirements of paragraph 5.5.2 of 
the detail specification (ref 15, app I).  The Handling Qualities 
Rating Scale (HQRS) used throughout this report is presented as 
appendix III.  Specific conditions for each test arc presented in 
the Results and Discussion section of this report. 

METHOD OF TEST 

9.  Test methods and data reduction procedures used in these tests 
are established engineering flight test techniques and are described 
briefly in appendix IV. All flights were conducted and supported 
by USAASTA personnel. Tests were conducted in nonturbulent atmos- 
pheric, conditions. 
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Phase B flight test completed on 
aircraft S/N 6615247 

Phase D flight test commenced on 
aircraft S/N 6615247 

Aircraft S/N 6715695 received 
Flight test commenced on aircraft 
S/N 6715695 

Flight test completed on aircraft 
S/N 6715695 

Flight test completed on aircraft 
S/N 6615247 

Advance copy submitted 

3 May 1968 

13 June 
8 August 

1968 
1968 

4 September 1968 

10 October 1968 

29 July 
15 April 

1969 
1970 

10. The flight test data were obtained from test instrumentation 
located on the pilot panel, copilot/gunner panel, photopanel and 
with oscillograph records. A detailed listing of the test instru- 
mentation is included in appendix V. 

CHRONOLOGY 

11. The chronology of the AH-1G Phase D, Part 1 test program is as 
follows: 

1 I 

1 
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RESULTS AND DISCUSSION 

GENERAL 

12. This report presents the results of the engineering Phase D 
handling qualities flight tests of the A1I-1G helicopter. The test 
data obtained during these tests were used for determining compli- 
ance with the detail specification (ref 13, app 1), and Military 
Specification MIL-H-8501A, (ref 14) and to provide information for 
use in technical manuals and other publications. The A11-1G met 
all contractual handling qualities requirements of MIL-H-8501A except 
for paragraphs 3.2.4, 3.2.7, 3.5.4.1, 3.5.5 and 3.5.5.1. Tests 
were not conducted to verify compliance with paragraphs 3.5.4.3, 
3.5.4.4 and 3.5.4.5 of MIL-H-8501A.  By contractual agreement, the 
handling qualities requirements presented in paragraphs 3.3 and 
3.6 of MIL-II-S501A were not applicable to the A1I-1G (app VI). Air- 
craft compliance with the vibration characteristics requirement 
presented in paragraph 3.7 is discussed in Part 3 of this report. 
There are four deficiencies for which correction is mandatory for 

adequate mission accomplishment: excessive cyclic control break- 
out forces; inadequate directional control; inability to achieve 
maximum tail rotor blade angle (19 degrees) when full left direc- 
tional control/yaw SGAS geometry; and excessive tail rotor horsepower 
required for hovering and translational flight. There are five 
shortcomings for which corrective action is desirable:  neutral 
static longitudinal stability at airspeeds near the limit air- 

speed (V'L); increase in right directional control displacement with 
increasing airspeed in a dive; directional instability between 10 
and 18 knots at relative wind azimuths between 210 and 230 degrees; 
deterioration of longitudinal dynamic stability of the AH-IG with 
the SCAS inoperative; and decrease in lateral-directional damping 
with the SCAS inoperative. 

13. The proposed M'litary Specification MIL-II-8501B (ref 15, app 1) 
was used in addition to MII.-II-8501A (ref 14) as a guideline for 
evaluating and analyzing dynamic stability test results. The con- 
tractor was not obligated to comply with any portion of MIL-H-8501B. 

AIRCRAFT CONTROL SYSTEM RIGGING 

14.  Prior to testing, the aircraft flight and engine controls were 
rigged on both test aircraft in compliance with the appropriate 
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Army publications (ref 16, app I). Subsequent aircraft flight and 
engine control rigging changes were coordinated with the contrac- 
tor technical representatives. 

CONTROL SYSTEMS 

15. The control system breakout forces and force gradients were 
determined during ground test with the rotor in a static position. 
Hydraulic and electrical power were provided by external units. 
The longitudinal, lateral and directional control systems were eval- 
uated with the cyclic friction at the preset value as stated in 
the organizational maintenance manual (ref 16, app 1). Control 
forces were measured at the center of the cyclic control grip and 
at the top of the directional control pedals in the aft cockpit 
(pilot station). Breakout forces (including friction) were deter- 
mined by recording the force required to obtain initial movement 
of the control. The force gradients were obtained by continuously 
recording the force and control position as each control was dis- 
placed from trim. Control forces as a function of control posi- 
tion are presented in figures 1 through 5, appendix VII. The cyclic 
pitch control pattern is presented in figure 4. 

16. Control forces measured in flight agreed with the static ground 
data except where severe maneuvers exceeded the capability of the 
hydraulic boost system. Menever this boost saturation occurred, 
increased cyclic and collective control forces were noted. 

17. The results of the cyclic control evaluation are summarized 
in table 5. The cyclic force gradients were positive, and there 
were no discontinuities noted. The magnitudes of both the longi- 
tudinal (2.5 pounds per inch) and lateral (1.5 pounds per inch) 
cyclic force gradients were suitable for the armed helicopter mis- 
sion even though the longitudinal force gradient exceeded the maxi- 
mum value stated in para 3.2.4, MIL-H-8501A. The cyclic breakout 
forces (4.5 pounds longitudinally and 3.5 pounds laterally) exceeded 
the maximum-allowed values stated in paragraph 3.2.4 of MIL-H-8501A 
and the approved deviation (ref 13, app I). The high breakout forces 
made precise aircraft control difficult during hovering flight. 
This condition was objectionable for lateral control inputs. The 
high breakout forces were not objectionable during forward flight 
up to maximum airspeed in level flight (V[|). However, at airspeeds 
in excess of Vfi (diving flight), the longitudinal cyclic force charac- 
teristics coupled with the neutral to slightly positive static longi- 
tudinal stability gradient, discussed in paragraph 28, made it diffi- 
cult to maintain airspeed and pitch attitude precisely (HQRS 5). 
However, the ability to attain adequate mission performance (ie, 
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target tracking and ordnance deli veryJ will vary with the compe- 
tence level of each pilot and the magnitude of turbulence in the 
atmosphere. These two unknown factors (pilot competence level 
and atmospheric turbulence] could cause the assigned I1QRS to vary 
from 5 to 7. The magnitudes of cyclic breakout forces and force 
gradients were unaffected by cyclic trim position.  The excessive 
cyclic control breakout forces are unacceptable for satisfactory 
operati •nal use and reduction is mandatory for adequate accom- 
plishment of the attack helicopter mission. 

Table 3. Cyclic Control Breakout Forces and Force Gradients, 

Rotor static   Force trim UN 

Test 

Maximum 
Allowed by 

MI1.-II-8501A 
(lb) 

Approved 
Contract 
Deviation 

(lb) 

Test 
Results 

(lb) 

Longitudinal breakout 
force (including friction) 1.5 2.0 (+0.25) -1.5 

Longitudinal force 
gradient 2.Ü lb/in. None 2.5 lb/in. 

Longitudinal force at 
full throw.1 8.0 None 18.0 

Lateral breakout force 
(including friction) 1.5 2.0 (+0.25) 5.5 

Lateral force gradient 2.0 lb/in. None 1.5 lb/in. 

Limit lateral force at 
full throw.1 7.0 None 18.0 

Control displaced from a 50-percent control trim position in both 
direct ions. 

18. There was no measurable change in the cyclic control force 
characteristics with the SCAS inoperative. With the force trim 
system OFF, the lateral and longitudinal force gradients were es- 
sentially zero; and breakout forces were only slightly less than 
those measured with the force trim ON. Turning off either hydrau- 
lic system had no effect on the cyclic breakout forces or force 
gradients. 
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19.  The cyclic control position pattern, presented in figure A, 
shows that the available longitudinal control is a function of 
the lateral control position.  Similarly, the lateral control 
is a function of the longitudinal control position.  The position 
of the collective control has no effect on the cyclic control 
pattern. 
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imire A.  Cyclic Pitch Control Pattern. 

20.  The directional control breakout forces with both boost sys- 
tems operating and with the number ONI: hydraulic boost system inop- 
erative, complied with the requirements of MlL-H-SSOIA, paragraph 
3.5.13, (table 1).  The breakout force was 20 pounds with the number 
TWO hydraulic boost system inoperative. This value (20 pounds) 
complies with the system failure requirements of ''11.-11-850]A, para- 
graph 5.5.8. At all conditions vested, there were discontinuities 
in the directional force gradient; thus, the requirement of 
MIL-H-8501A, paragraph 5.3.11, was not met.  These directional 
force gradient discontinuities occurred at pedal positions not 
normally encountered in forward flight. The force gradient was 
zero with the force trim OIT.  The directional control system 
breakout force and force gradient arc satisfactory even with 
the minor discontinuities mentioned above. 
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Table  4.     Directional  Control  Breakout   I'orces and  lorce Gradients 

I'.otor static    Force trim ON 

Test 

Maximum 

Allowed by 

:!!L-l;-S3o'l-\ 

(lb) 

Contractor 

Devi at ion. 

Test 

Results 

(110 

Directional breakout 

force (includini', friction) 7.0 None S. 0 

Direct ional force 

gradient None NOIH 
c.).0 lb/ in. 

Ui rect ional :'orce at 

f u 11 t hrou ' 15.U 

! 

None     l 20. V   to 25.0 
1 

Control   displaced   fror, a  ;>0-perccnt   control   trim position   in both 
d i rect i ons . 

21.  Collective cnntn'l forci-^ were n"t ou.int 11 at i\ el y evaluated 
during this test.  I.oi-.ever, qua 1 11 at i \ el >•, the collective control 
forces v.ere sat i sfaclon fur op.erat i onal use. 

STATIC Tl!l>! STAIWI ITV 

22. Static trim stability characteristics about all three axes 
were evaluated in clinbuu;, antorotational , diving and level flieht. 
The tests were conducted at each of the ennf i r.urat ions and fli^M 
conditions listed in appendix \III.  The effect of removing the 
landing gear cross-tube fairings was evaluated in the clean con- 
figuration during level flight and dives.  The static trim stabil- 
ity of the aircraft was determined by recording the control posi- 
tions at various stabilized zero-sideslip flight conditions.  The 
summary of the longitudinal trim curves are presented in figures 

5 through 7, appendix Vil. The static trim curves which present 
the various control positions as a function of airspeed arc shown 

in figures 8 through 27. 

23. At all conditions tested, the remaining longitudinal control 
displacement was never less than 1.5 inches (IS percent) from the 
forward control limit and 2.6 inches (26 percent) from the aft con- 
trol limit (fig. B). A significant change in longitudinal control 
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position with eg variation was noted. The longitudinal trim curve 
characteristics were positive (increasing forward control with 
increasing speed) from approximately 40 to 170 KCAS and are satis- 
factory for all conditions tested.  The longitudinal control gra- 
dient was evaluated qualitatively at airspeeds between hover and 
40 KCAS in forward flight. This evaluation at low airspeeds revealed 
a slight discontinuity in the longitudinal control gradient. This 
discontinuity was not objectionable to the pilot and did not violate 
the requirements of paragraph 3.2.10 (MlL-H-8501A) . The change 
in longitudinal control position with airspeed is neutral at air- 
speeds during high-speed dives at airspeeds in excess of 170 KLAS. 
At speeds above V'H, this is essentially static longitudinal collective 
fixed stability, discussed in paragraph 28.  This neutral or negative 
longitudinal trim stability contributed to the increased pilot work- 
load while maintaining selected airspeed and pitch attitude during 
dives. There was no significant change in the longitudinal control 
gradient with gross weight and configuration (wing stores) changes. 

CHND CONI-H; CKh'I Hl-.N  ALT ROTUK  SPLLD LUNG CG 
(LB) (Fl J (Ki'M) (INCH) 

  Ci.LVS ,S4()(i 4540 324 201   (AIT) 
- - - Cl.liAN "Soil 1400 324 11)0   (J-lVD) 
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Figure  B.     Static Trim Stability. 
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24. There was a significant change  in pitch attitude  (as much as 
10 degrees)   between the  forward and  the  aft  eg  loadings  through- 
out  the  airspeed range  in all   flight  conditions.    This  variation 
in pitch attitude with eg shift  was  readily apparent  to the pilot 
but was  not  objectionable.    There were  slight  variations   in  air- 
craft  pitch  attitude at  a given  airspeed with  configuration  and 
gross  weight   changes.     These  variations  were small  and  not   apparent 
to the  pilot 

25. During  zero sideslip stabilized   flight   at   all   conditions   tested, 
the   remaining   lateral   control   displacement   i>as  never  less   than  4   indies 
1.40.5   percent]   from the   left   control   limit   and  2.9  inches   (29.2  percent) 
from  the   right   control   limit.     The   lateral   cyclic control   migration 
was   gradual   and was  not  disconcerting   to  the  pilot   as   the  airspeed 
was   varied between  trim points.      The   lateral   control   position was 
farther  right  at  a  forward eg  loading  than  at   an  aft  eg  loading, 
(iross  weight,   symmetrical   configuration   changes  and  altitude had  no 
significant   effect  on   lateral   control   requirements. 

26. Duri'ng  stabilizel   forward   flight   at   airspeeds   in excess   of 
36   KdAS   for  all   conditions   tested,   the   remaining directional   con- 
trol   displacement  was  never   less   than   1.75   inches   (2'.'. 5  percent) 
from   full   right   and   1.3   inches   I 21.S  percent)   from  full   left.     The 
maximum   left   directional   control   displacement   occurred  at   low   for- 
ward  airspeeds   (35  KÜAS or   less!.      I he   increasing  right   directional 
control   was   required  as   airspeed   increased   from 55K("A.S  to  the  air- 
speed   for minimum power  required.      Increasing   left   directional   con- 
trol  was   then   required with   increasing  airspeed  up  to \'\\.     As   airspeed 
increased   from V'n  to V| ,   the migration  of  the directional   control 
displacement  was  to  the  right.     This   increasing right   directional 
control  with  airspeed contributed  to  the  excessive pilot   attention 
required  to maintain  zero sideslip during  dives.     Since  the  amount 
of sideslip present  affects  firing  accuracy of the weapons,  this 
characteristic   is  considered  to be  a  shortcoming which  detracts 
from mission  effectiveness.     For  a  given  airspeed,  nn  increase  in 
left  directional  control was  required  for  the  following:     changing 
longitudinal  eg  from  forward  to  aft,   increasing gross weight,   in- 
creasing  altitude and  symmetrically  increasing equivalent   flat  plate 
area by adding wing stores.     Directional   control  trim position  changes 
attributed  to  these variations were  not  noticeable to the pilot. 
Since an  adequate margin was  available  in  all   forward  flight   condi- 
tions,   this  characteristic  is  acceptable.     Qualitatively there was 
no  significant  change  in the static  directional  trim stability with 
the  landing  gear cross-tube  fairings  removed. 
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STATIC LONGITUDINAL COLLECTIVE-FIXED STABILITY 

27. The static longitudinal collective-fixed stability character- 
istics were examined at several different configurations, altitudes 
and eg loadings. Only the general characteristics noted and sig- 
nificant changes with variations in the above parameters are dis- 
cussed in this section. These tests were conducted by first trim- 
minp the aircraft at the desired airspeed.  The aircraft was then 
s'.al: lined at several airspeeds greater ajid less than the trim 
airspeed while maintaining the trim collective control position. 
The force trim was also maintained at the trim setting. The 
tests were conducted at each of the configurations and trim condi- 

tions listed in appendix Vlll.  The suimnary of the longitudinal 
trim curves are presented in figures 28 through 31, appendix VI1. 
Data were recorded at each stabilised airspeed and are presented 
in figures 32 through 05. 

28.  The longitudinal control position gradient was positive 
(forward cyclic required to maintain an airspeed greater than 
trim) for all conditions tested at airspeeds from 40 to 170 KCAS. 
However, the gradient became less positive at higher trim air- 
speeds and was essentially neutral at airspeeds in excess of 
170 KCAS.  The neutral static longitudinal collective-fixed sta- 
bility at airspeeds in excess of 170 KCAS does not meet the require- 
ments of MI I.-H-8501A, paragraph 3.2.10.  At airspeeds less than 
40 KCAS, the static longitudinal collective-fixed stability was 
similar to the static trim stability discussed in paragraph 23. 
These data are presented graphically in figure (".  The longitudinal 
control position gradient was more positive at a forward eg loading 
than at an aft eg loading for a given flight condition.  Altitude, 
gross weight and configuration variations (wing stores) had no 
significant effect on the longitudinal control position gradient. 
The high longitudinal friction band masked the longitudinal force 
gradient, making the measured longitudinal force stability charac- 
teristic impractical to evaluate.  As a result, the control force 
data in figures 32 through 65, appendix VII, have had the break- 
out forces analytically removed.  The nearly neutral static longi- 
tudinal stability at airspeeds in excess of V|| contributed to 
the increased pilot effort required to stabilize the aircraft 
at a desired airspeed and detracted significantly from mission 
suitability (HQRS 4). This problem was further aggravated by 
the high longitudinal breakout forces and friction band.  The 
longitudinal control position and force gradients at airspeeds 
in excess of Vjj are minimally acceptable, and an increase of 
these gradients is desirable for improved service use. 
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CONFIG        GRWT    ÜEN ALT    ROTOR SPEED.   LONG CG 
(LB) (FT) (RPM) (INCH) 

OUTB'D ALT     8190 4910 324 201(AFT) 

NOTE:     POSITIVE  LONGITUDINAL STABILITY SIGNIFIES AN  INCREASING 
FORWARD CYCLIC REQUIREMENT WITH  INCREASING AIRSPEED 
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29. The static longitudinal data presented in the report on the 
BHC Model 209 helicopter (ref 17,  app 1)  showed a neutral   longi- 
tudinal control gradient  in a dive.     In Part  1 of the AH-1G Phase B 
report   (ref 2) ,  a strong recouunendation was made for an increase 
in the  longitudinal stability gradient  at high speeds.     It  was also 
stated in reference 17,  "nominal pilot attention was required to 
maintain a constant airspeed during high-speed dives." 

30. The change  in pitch attitude   (nose-down attitude  change with 
increased airspeed  from trim  is  defined  as oositive)  with  respect 
to airspeed was neutral  in low-speed  level  flight   (60  KCAS trim 
speed)  and became positive with increasing airspeed at  a  forward 
eg.    These characteristics were similar to tnose observed during 
static trim stability testing.    The pitch attitude gradient was 
more positive at an aft eg  loading than at a forward eg  loading 
at VJJ and V^.    There was no significant  change due to the vari- 
ations  in altitude,  gross weight  or configuration. 

31. The  changes   in  lateral   cyclic  control   requirements  during 
these  tests were small,  and excessive pilot   attention was  not   re- 
required  to maintain wings-level   flight.     At   airspeeds   greater  than 
trim,  more right directional  control  was required.    At  airspeeds 
less  than trim,  more  left directional  control was required.    The 
directional  control trim position changes with varying airspeed 
required some pilot  compensation  in order to maintain zero side- 
slip.    This characteristic was most  apparent during simulated weapons 
delivery maneuvers  and target  tracking  tasks.     During  target  track- 
ing,  moderate  pilot  compensation was   required  in order to achieve 
desired performance  (liQRS 4).     This  shortcoming detracts   from the 
armed helicopter mission suitability. 

32. The  longitudinal  collective-fixed  stability curves  with   landing 
gear cross-tube  fairings removed  arc presented in figures 64  and 
65 and the summary is presented  in figure 51,  appendix VII.    The 
removal  of these  fairings did not   significantly affect   the  longi- 
tudinal or  lateral  control migration characteristics.     During  flight 
in this configuration at trim airspeeds approaching VL,  the direc- 
tional  control gradient   (do^j^/d/V^L) did not vary with  airspeed 
as with the fairings installed. 

STATIC  LATERAL-DIRECTIONAL  STABILITY 

33.    Tests were conducted to determine the static directional  sta- 
bility and dihedral effect throughout the airspeed-sideslip enve- 
lope.    The static directional stability and dihedral effect 
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were measured by recording data during stabilized flight at vari- 
ous sideslip angles while maintaining a constant heading at selec- 
ted trim airspeeds  and flight conditions.    Tests were conducted 
at each of the configurations and trim conditions  listed in appendix 
VIII.    Summaries of the lateral-directional stability data are 
presented in figures 66 through 69,  appendix VII.    Hie test results 
are presented in figures  70 through 95,   appendix VII. 

34.    Deviation number 1   (ref 13,  app I),  states that paragraph 
3.3 of MIL-H-8501A shall  not be applicable as  a design guide for 
the stability and control  characteristics.    This deviation was 
interpreted by USAASIA  to include virtually  all   lateral-directional 
handling qualities,     '["he deviation should have provided specific 
guidelines to be used  in determining acceptable  lateral-directional 
handling qualities.     Since  inadequate guidance was provided, 
M1L-Ü-8501A was  used  as   the criterion  against   which  all   lateral- 
directional  stability characteristics were evaluated. 

#4 

35.    The static directional  staUlity and dihedral  effects were 
positive (increasing  right directional  control,   left bank angle 
and  left  lateral  control  with  increasing   left   sideslip)  for all 
conditions  tested  except  autorotation.     The variation  in direc- 
tional and  lateral  control   requirements was  essentially  linear 
as  sideslip was  varied  about  trim.     In autorotation at  an airspeed 
of 60 K'CAS,   the  static  directional  stability was  slightly posi- 
tive while  the dihedral  effect was  neutral.     This  characteristic 
does not  comply with  the  requirements of para  5.5.9,  M1L-H-8501A. 
This neutral  dihedral  effect  in autorotation was  apparent  to the 
pilot,  since directional  control   inputs  did not   establish  roll   rates 
(HQRS 3).    This  characteristic docs not  detract  from mission suit- 
ability since acceptable performance could be achieved with mini- 
mal pilot compensation. 

36. As. engine power was increased the stat 
stability gradients increased and were grca 
flight at 60 KCAS. The static directional 
tive dihedral increased as airspeed increas 
mum at V^. The static directional stabil it 
dß) jecame more positive as the eg location 
to forward. An increase in density altitud 
directional stability and effective dihedra 
no significant change in the static lateral 
qualities when the aircraft configuration ( 
weight were varied. 

ic  lateral-directional 
test during climbing 
stability and effec- 
cd  and reached maxi- 
y gradient   fd6peda]/ 

was  changed from aft 
e  increased  the static 
1  siightly.    There was 
-directional handling 
wing storcsj  and gross 
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37. The static lateral-directional handling qualities are satis- 
factory for all conditions tested.    One undesirable feature which 
was noted is the excessively high dihedral effect at V^.    The re- 
sultant roll rate is high for a small directional control input. 
This characteristic could cause the pilot to easily over control 
the aircraft when using directional control.     In addition,  this 
also contributes to the excessively high roll rates  encountered 
during engine power  loss  at high airspeed  (para 99). 

38. The aerodynamic side-force characteristics as  indicated by 
bank angle during steady sideslips were positive at  all  conditions 
tested and increased significantly with increasing  airspeed.    The 
side-force characteristics were essentially unchanged at all condi- 
tions tested except at high gross weight where a reduction in bank 
angle for a given amount of sideslip at the high airspeeds   (,140 
to  170 knots) was noted. 

39. The static  lateral-directional stability characteristics for 
the  landing gear cross-tube  fairings removed configuration are 
presented in figures 94 and 95,   appendix VII.    A summary plot com- 
paring data with the  fairings  on and off is  presented  in  figure 69, 
appendix VII.    The directional  stability was more positive with the 
fairings  removed.     There was  no significant  difference  in dihedral 
effect  between the two configurations. 

TRANSLATIONAL FLIGHT HANDLING QUALITIF.S EVALUATION 

40.     Translational  flight  is defined as flight  in any direction 
with relative wind azimuths  at any value from zero to 360 degrees 
(measured clockwise from nose of aircraft)  at airspeeds between 
zero and 35 knots either in ground effect  (IGE)   or out of ground 
effect   (OGE).    The objectives  of these tests were  to evaluate the 
handling qualities and to determine control margins  in transla- 
tional  flight.    Deviation number 1   (app VI)   is  interpreted as exempt- 
ing  the AH-1G from complying with the lateral-directional handling 
qualities criteria as  stated in MIL-H-8501A.  Since no other guid- 
ance was provided,   test results reported herein,  where appropri- 
ate,   are compared to the above specification to permit a basis 
for evaluation.    A secondary purpose of this test was to deter- 
mine the amount of tail  rotor horsepower required to stabilize 
the aircraft at various  combinations of wind azimuths  and wind 
speeds.    A calibrated ground pace vehicle was used as an airspeed 
reference during these tests.     Conditions tested are  listed in 
table 5.    Results of the translational flight handling qualities 
are  graphically piesented  in  figures 96 and  125,   appendix VII. 
The  dashed portion of the  faired curves on  these plots   indicates 
extrapolated data. 
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Table 5. Translational Flight Handling Qualities Evaluation. 

Test 
Condition1 

Gross 
Weight 
(lb) 

Density 
Altitude 

(ft) 

Longitudinal 
Center of 
Gravity 
(in.) 

Rotor 
Speed 
(rpm) 

1 8,240 -40 199.6 324 
1 

2 8,060 140 200.4 312 

1   3 
8,050 5,270 200.7 324 

4 7,210 11,120 195.4 324 

'All tests conducted in the heavy scout configuration with rocket pod 
fairings removed. 

41. Control of skid height, roll attitude and pitch attitude dur- 
ing translational flight was good (HQRS 2) with one exception. 
This was the abrupt longitudinal trim change for rearward flight 
in the 10- to 15-knot range for small speed changes. The longi- 
tudinal control changes were approximately 1 inch in this speed 
range (HQRS 5) . 

42. The directional control capability was significantly less 
than that required to meet paragraphs 3.5.5 and 5.3.6, MIL-H-8501A. 
To meet these requirements significantly more tail rotor thrust 
(directional control), than is presently available, would be re- 
quired. A directional control margin of 10 percent (0.71 inches 
for the test aircraft) enabled the pilot to control and maneuver 
the aircraft in translational flight (HQRS 5). Directional con- 
trol margins less than 10 percent were inadequate for maneuvering 
due to the magnitude of average pedal inputs and the control travel 
limitation problem discussed in paragraph 47 with the yaw SCAS 
operating. 

43. The critical area of insufficient directional control for 
test condition number 1, table 5, was with wind from 45 to 70 degrees 
at a velocity of 17 knots. The area (bounded by wind azimuth and 
velocity) of inadequate directional control increased with combi- 
nations of increasing altitude, increasing gross weight and/or 
decreasing rotor speed. At the most critical condition, number 
4 of table 5, the directional control margin was less than 10 per- 
cent at all wind azimuths and at velocities from zero to 3 knots. 
At velocities greater than 5 knots, the area of inadequate direc- 
tional control was between 30 and 300 degrees. Flight operations 
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at this gross weight/density altitude condition can not be con- 
ducted safely'because of inadequate directional control. 

44. Directional control of the test aircraft was lost (uncontrolled 
right yaw) several times during the test at condition number 4, 
table 5. Recovery of the aircraft was accomplished by reducing 
power and allowing the skid tubes to lightly contact the ground. 
The friction between the ground and the skid tubes gradually checked 
the turning rate of the helicopter. After stopping the turning 
rate, the collective was lowered and the aircraft landed. The 
full left directional control pedal was maintained until the yaw 
rate was arrested. 

45. The effect of this major deficiency is well illustrated in 
the weekly summaries published by the US Army Board for Aviation 
Accident Research (USABAAR). Between 27 January and 13 July 1969, 
these summaries noted nine accidents due to loss of left direc- 
tional control causing major damage (including one accident where 
flying debris caused major damage to a second aircraft), one acci- 
dent causing minor damage, one accident in which the damage was 
not reported and eight incidents. 

46. Figure D shows the recommended IGE translational flight enve- 
lope. The envelope is based on a directional control margin of 
10 percent for any combination of wind velocity and wind azimuth. 
It is mandatory that the directional control system for the AH-1G 
be improved to provide better control characteristics. 

S 
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NOTES: 1. ROTOR SPEED 324 RPM 
2. ENVELOPE BASED ON A 10 PERCENT DIRECTIONAL 
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Figure D.  Recommended In-Ground-Effect Translational Flight Envelope. 
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47. The 10-percent directional control position margin is equiv- 
alent to a tail rotor blade angle change of 3.0 degrees. Standard 
rigging.of the tail rotor is 19.0 degrees for full left control 
and -11.0 degrees for full right control with the yaw SCAS actu- 
ator centered. Due to a travel limitation in the control link- 

age between the pedals and the SCAS actuator, the amount of tail 
rotor blade angle available with full left pedal applied can vary 
from 19.0 to 16.0 degrees depending on the position of the yaw 
SCAS actuator. With the yaw SCAS ON, the left pedal margin can 
be reduced to zero (a tail rotor blade angle of 16.0 degrees) with 
the yaw SCAS actuator in the most adverse position. This condi- 
tion is further complicated by the fact that the pilot has no way 
of knowing how much directional control is available with the yaw 
SCAS operating.  Since the ICH performance is limited by the direc- 
tional control available, it is mandatory that the directional con- 
trol be modified so that the maximum tail rotor blade angle of 
19 degrees can be achieved regardless of the position of the SCAS 
actuator. 

48. The AH-1G was directionally unstable in wind velocities between 
10 and 18 knots at relative wind azimuths between 210 and 330 de- 
grees (clockwise from nose of aircraft) for test conditions 1, 
2 and 3, table 5. Rapid and sometimes large directional control 
excursions were necessary to maintain a heading at these unstable 
flight conditions (HQRS 6). Also, large changes in longitudinal 
control were required as the relative wind velocity varied in this 
area. Pilot recognition and reaction times following small excur- 
sions in yaw determined the frequency and magnitude of the direc- 
tional control inputs. These tests were conducted with the yaw 
SCAS OFF to provide the pilot with accurate control available infor- 
mation and to insure that a full 19 degrees of tail rotor blade 
angle was available. Tests were also conducted with the yaw SCAS 
channel ON to qualitatively evaluate the damping effect. The direc- 
tional stability was only slightly improved with the directional 
SCAS operating. This directional instability in translational 
flight is a shortcoming and detracts from the mission suitabil- 
ity of the aircraft. This instability was encountered under simi- 
lar conditions and reported in references 3 and 8. Figure E illus- 
trates the area of this instability. 
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Figure E.  Directional Control Position 
In-Ground-Effect at Various Wind Azimuths. 

49. The AH-1G is further limited by the maximum power transfer 
capability of the tail rotor drive system. Test results indicate 
that the tail rotor horsepower required to stabilize the aircraft 
increased nonlinearly as the directional control approached the 
left limit. Although a tail rotor drive system torque limit could 
not be determined, the structural design criteria report (ref 18, 
app I) for the AII-1G stated that the antitorque drive system design 
limit was 386 foot-pounds of torque (122 shp at 1654 rpm).  Peak 
tail rotor horsepower encountered during trans 1 ational flight was 
190 horsepower at SL. For a given tail rotor blade pitch angle. 
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the peak tail rotor horsepower generally decreased as altitude 
increased. The rapid and sometimes large directional control excur- 
sions discussed in paragraph 48 caused large tail rotor torque 
oscillations. The magnitude of these oscillations were 20 to 160 
horsepower for some test conditions. The magnitude of tail rotor 
horsepower during stabilized hover is presented in reference 19, 
appendix I. During this test program, eight  42-degree gear boxes 
and four  90-degree gear boxes were replaced. Replacement of the 
42-degree gear box was required when tail rotor horsepower in excess 
of 18U horsepower was encountered because of the unacceptable gear 
wear patterns. The 90-degree gear box required replacement when 
operated above 180 horsepower for limited periods. The excessive 
tail rotor horsepower required and resultant antitorque drive system 
damage are deficiencies and correction is mandatory. 

f 

50.  Sideward and rearward flights were also conducted with landing 
gear cross-tube fairings removed. The fair^ngs-off data are pre- 
sented in figure 125, appendix VII.  There was no significant dif- 
ference in the handling qualities during translational flight as 
a result of removing the landing gear cross-tube fairings. 

DYNAMIC STABILITY 

51. The objective of the dynamic stability tests was to evaluate 
the aircraft short period response characteristics following a 
gust disturbance, (lust disturbances were simulated by making pulse- 
type control inputs of 1 incli for 0.5 to 1 second.  Following the 
inputs, the control was returned to trim, and all controls were 
held fixed until cither the aircraft motions damped or recovery 
action was required.  Dynamic stability was evaluated following 
inputs in both directions for longitudinal, lateral and directional 
controls. Tests were conducted both with the SCAS ON and OIF. 
The tests were conducted at each configuration and trim condition 
listed in appendix VIII. 

Longitudinal Dynamic Stability 

52. The longitudinal dynamic stability characteristics arc sum- 
marized in figure 126, appendix VII. The aircraft motions fol- 
lowing longitudinal control inputs were analyzed by determining 
the damping ratios and undamped natural frequencies. Represent- 
ative time histories arc presented for selected trim airspeeds, 
SCAS ON and for the most critical conditions SCAS OFF in figures 
127 through 133. 
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53. The AH-1G demonstrated strong positive damping of the longi- 
tudinal short-period mode with SCAS ON. After the initial response 
to control input, the pitch attitude, angle of attack and load 
factor all returned to trim with no overshoot. Correspondingly, 
pitch rate made one excursion in each direction and then returned 
to zero. No significant coupling was present in the yaw or the 
roll axis during or following a longitudinal pulse input. Damp- 
ing characteristics were similar for both forward and aft pulses. 
The longitudinal dynamic stability characteristics of the Ali-1G 
with the SCAS ON complied with paragraph 3.2.11 of M1L-H-8501A. 
These characteristics are highly desirable and enable target-tracking 
maneuvers for weapon firing to be accomplished with little pilot 
effort or compensation. The longitudinal stability characteristics 
SCAS ON significantly enhance the mission suitability (HQRS 1). 

54. Longitudinal pulses with SCAS OFF resulted in rapid diver- 
gence of pitch rate and pitch attitude for most conditions tested. 
Recovery action was required in most cases before one complete 
oscillation. The time history of a longitudinal pulse and resulting 
oscillating aircraft motions with SCAS OFF are presented in figure 
133, appendix VII.  In the heavy hoj; configuration at a gross weight 
of 7740 pounds and at an aft eg condition, the pitch attitude achieved 
the double amplitude in less than 10 seconds. There was signifi- 
cant lateral coupling following longitudinal inputs with SCAS OFF. 
The aircraft roiled to the right during forward inputs and to the 
left with aft inputs. The lack of positive longitudinal damping 
and the lateral coupling increased the pilot work load for all 
forward flight tasks. The aircraft can be safely flown in this 
condition; and routine maneuvers, such as cruise, approach and 
landing, can still be prcfonned with adequate precision (HQRS 4). 
The suitability for use as a weapons platform and for flight under 
restricted visibility conditions is significantly reduced (HQRS faj. 

Dynamic Lateral-Directional Stability 

55. The lateral and directional dynamic stability data arc sum- 
marized in figures 134 and 142, appendix VII. The aircraft motions 
following roll and/or yaw inputs were analyzed for damping ratios 
and undamped natural frequency. Figures 151 and 152 show the lateral' 
directional damping ratio as a function of both damped natural 
frequency and calibrated airspeed. Figures 135 through 141 and 
143 through 149 show representative time histories of lateral- 
directional dynamic response characteristics. 
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56.  Damping of the lateral-directional oscillations, comiiionly 
referred to as Dutch roll, with SCAS OK was strongly positive. 
In most cases, the roll and attitude responded to the input and 
then returned to trim with no overshoot. The heavy hog and clean 
configurations with SCAS ON demonstrated similar characteristics 
except during climb where the clean configuration was less damped 
than the heavy hog configuration. Altitude had no significant 
effect on damping of the lateral-directional oscillations nor did 
gross weight or mass distribution, such as the addition of rockets, 
A summary of the lateral-directional dynamic stability character- 
istics with SCAS ON is presented in figure F.  Kith SCAS OK, the 
dynamic lateral-directional stability characteristics comply with 
the applicable requirements of M11.-H-8501A and are suitable for 
the intended mission. While the dumping was strongly positive it 
did not limit or degrade the maneuvering capability. 

NOTHS: 1. SCAS ON 
2. ALL CONDITIONS ON AIKCRAFT S/N t.7l'5o9S LALL 

WITHIN SOLID LIN! 
3. D DLNOTI.S CONDI I IONS IT: ST I": D ON AIRCRAFT 

S/N Ot. ir>:i7 KITH LANDING f.FAR CROSS TUHIi 
FAIRINGS KLMOYLD 

c5 

o 0.1  0.3  0.3  0.4 OS      0.6  0.7  0.8 

DAMPED NATURAL FRLQUFNCY-CPS 
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CALIBRATED-V-,, - KCAS 
CAL 

Figure F.    Summary of Lateral-Directional  Dynamic Stability 
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57. In most conditions tested, the lateral-directional dynamic 
stability with the SCAS OFF was well below that value contained 
in the proposed specification, MIL-H-8501B (ref 13, app I), for 
an armed tactical helicopter. The yaw/roll oscillations or dutch 
roll had a period of approximately 4 seconds. The worst condi- 
tion was the climb, clean configuration, at a 7210-pound grwt and 
an aft eg loading. A time history of this condition is presented 
in figure 141, appendix VII. The aircraft oscillations were diver- 
gent in roll and yaw for this test condition. At most conditions 
tested, damping ratios were less than 0.2. A summary of lateral- 
directional dynamic stability with SCAS OFF is presented in fig- 
ure G. This low damping of the lateral-directional motions with 
SCAS OFF resulted in objectionable, uncomfortable aircraft motions, 
particularly at higher airspeeds.  In addition, this characteristic, 
aggravated by the excessively high lateral breakout forces dis- 
cussed in paragraph 17, resulted in a pilot induced oscillation 
in the roll axis at high speeds. This characteristic seriously 
detracts from mission suitability and makes satisfactory, effec- 
tive completion of most missions questionable during SCAS OFF oper- 
ations. The aircraft can be safely returned to base and landed. 
However, precise flight tasks are very difficult to perform (1IQRS oj 
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Figure G.     Summary of Lateral-Directional Dynamic Stability 
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58. The results of these tests agree closely with those described 
in reference 17, appendix I, with SCAS ON.  However, with SCAS 
OFF, test results indicated a degradation in lateral-directional 
dynamic stability characteristics from the reference. 

59. Lateral-directional dynamic stability characteristics were 
also evaluated for the clean configuration with the landing gear 
cross-tube fairings removed, with SCAS ON and OFF. A comparison 
of the clean configuration with fairings on and off is presented 
in figure 150, appendix VII. Time histories of lateral and direc- 
tional pulses SCAS OFF are presented in figures 151 and 152. 

60. With SCAS ON, the removal of the fairings had no significant 
effect on lateral-directional damping at airspeeds less than 160 
KCAS (IIQRS 2).     At airspeeds in excess of 160 KCAS, the lateral- 
directional coupling increased and damping decreased (para 83). 
The increased lateral-directional coupling and decreased damping 
caused the pilot workload to increase beyond a tolerable limit 
when performing target tracking maneuvers (HQRS 7).  An airspeed 
limit of 160 KCAS is recommended m order to maintain an effec- 
tive target tracking capability when the landing gear cross-tube 
fairings are not installed. 

61. With SCAS OFF, the removal of the landing gear cross-tube 
fairings significantly degraded the dynamic lateral-directional 
characteristics.  Dutch roll oscillations were induced by either 

lateral or directional control inputs.  The oscillations for most 
conditions were divergent and had a period of about 4 seconds and 
a negative damping ratio of 0.2. The rates in both axes increased 
rapidly to unacceptable levels (50 deg/sec in roll and 25 deg/sec 
in yaw). A limit of 115 KCAS is recommended when landing gear 
cross-tube fairings are not installed, and the SCAS is inoperative 
Flight during periods of restricted visibility, such as at night 
or during instrument conditions with the fairings removed and with 
SCAS OFF, is not recommended (HQRS 8). 

CONTROLLABILITY IN FORWARD FLIGIfT 

62. Controllability was evaluated in level flight, dive, auto- 
rotation, climb and hover throughout the flight envelope. The 
hover tests were performed at several different gross weights, 
rotor speeds and density altitudes. Controllability tests were 
also conducted in forward flight with the landing gear cross-tube 
fairings removed. 

65. The objective of these tests was to evaluate the ability to 
control the aircraft by quantitatively evaluating the aircraft 
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reaction  to a given control  input.     This was  accomplished by 
measuring  the aircraft  attitude displacements,  rates  and  angular 
accelerations  that  resulted per  inch of control  input.     Step-type 
control   inputs  were utilized which  consisted of rapidly displacing 
the control  to the desired position   (maximum input time of 0.2 
seconds) and then holding this position until  the maxi muni rate 
was  reached or recovery action was necessary.    The magnitude of 
the step inputs was varied  (usually a minimum of three inputs  in 
each direction).    An adjustable,  rigid control  fixture was used 
to assist  in achieving the desired inputs.    The forward flight 
controllability test data are presented  in figures  169 through 
243,   appendix VII.    The forward flight  controllability test   re- 
sults are siunmarized by presenting data for a 1-inch  control   input 
at   the  various   flight   conditions  and airspeeds  tested.     These  sum- 
maries   are  presented   in   figures   15t>  through   IbS.     The dashed  portion 
of the   faired curves  on  these plots   (figs.   15b  through   1(>8)   indi- 
cates  extrapolated data.     Typical   time histories  of step  inputs 
are presented   in   figures   .'80  through   -'So. 

64. Controllability characteristics  are discussed  in  terms  of 
control   sensitivity,   control   response  and  attitude disjUacfitynent . 
Control  sensitivity  is defined as  the maximum angular. a^clrrat ion- 
which  results  from a  1-inch  control   step input.     C.onvibl yitesponse 
is defined as  the angular rate which results from a  l-inch con- 
trol   step  input.     Attitude displacement   is discussed  in  terms  of 
aircraft displacement at   1  second after a control   input. 

Longitudinal 

65. The longitudinal controllability test conditions are presented 
in table VII, appendix VIII. A portion of these tests were con- 
ducted with the SCAS OFF. 

66. In the heavy hog configuration the longitudinal sensitivity 
was essentially constant at 10 dcg/secVinch at all forward flight 
speeds up to V^.  In the clean configuration, however, longitudi- 
nal sensitivity was a constant 10 deg/sec^/in. at airspeeds up 
to 0.8 V}{  and then increased with increasing airspeed to a value 
of 17 deg/secVin. at V^. The time required to achieve the peak 
angular acceleration following a 1-inch step input did not exceed 
0.5 second.  In general, the forward step inputs resulted in slightly 
greater angular accelerations than did aft step inputs.  Longi- 
tudinal control sensitivity with SCAS OFF was the same as with 
SCAS ON and was not a function of altitude. Only minor variations 
in longitudinal control sensitivity with changes in gross weight 
and eg were noted. The average value of sensitivity during climb 
and autorotation was approximately 9 deg/sec /inch.  Figure II sum- 
marizes longitudinal control sensitivity for all conditions tested. 
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Figure H.  Longitudinal Control Sensitivity. 

67. The longitudinal controllability characteristics were also 
evaluated in terms of maximum response as defined in paragraph 64. 
The longitudinal response of the aircraft was slightly greater for 
a forward input than for an aft input.  Kith SCAS ON, the longi- 

tudinal response averaged 7 deg/sec/in. and was not a function 
of configuration, gross weight, airspeed or altitude. The time 
required to achieve maximum rate (SCAS ON) was 1 second or less 
for all conditions tested. Maximum response was slightly higher 
at an aft eg than at a forward eg at airspeeds approaching V^. 
In figure J, the maximum pitch rate data for all conditions 
tested are summarized. 
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Figure J.  Longitudinal Control Response. 

68. Pitch rate at 1 second following a l-inch longitudinal step 
input is presented for comparison of SCAS ON and SCAS OFF tests. 
This presentation is necessary because with SCAS OFF the maximum 
response was not achieved before recovery was necessary. The longi- 
tudinal response characteristics with SCAS OFF were similar to 
those for the SCAS ON condition except for the following differ- 
ences: 

a. At airspeeds greater than 80 KCAS, the pitch rate at 
1 second after the control input was greater with SCAS OFF. (A 
constant 6 deg/sec/in. with SCAS ON as compared to a maximum of 
13 deg/sec/in. at VL with SCAS OFF). 

b. At V^ and at an aft eg loading, the response was signifi- 
cantly greater with SCAS OFF. 

c. In all cases tested with SCAS OFF, a maximum response 
was not achieved since rate continued to increase until recovery 
was necessary. 
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69. The response resulting from an aft step input is in compli- 
ance with paragraph 3.2.11.1, MIL-H-8501A,  as shown in figure 155, 
appendix VII, both the eg normal acceleration and the angular pitch 
velocity became concave downward in less than 2 seconds.    The eg 
normal acceleration became concave downward at an average time 
of 1.56 seconds and the pitch rate at  an average time of 0.3 second. 

70. Pitch attitude displacement characteristics were determined 
by measuring pitch attitude change from trim at  1 second follow- 
ing a 1-inch step input.    This was done both with SCAS ON and OFF. 
Figure K presents the summary of the SCAS ON data.    Generally with 
SCAS ON,   the displacement was  a constant 5 degrees/inch and in- 
creased slightly between \'\\ and VL-    There was no change in dis- 
placement at  1 second with variations of configuration,  gross weight 
and altitude.    With SCAS OFF,   the displacement  increased with in- 
creasing airspeed.    The only difference noted with a change in 
configuration with SCAS OFF was a slightly greater displacement 
in the clean configuration than  in the heavy hog configuration. 

NOTES:   1.   SCAS ON 
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Figure  K.     Pitch Attitude Displacement, 
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71. Longitudinal controllability characteristics are considered 
to be satisfactory. Qualitatively, no objectionable character- 
istics were observed, and the aircraft reactions to longitudinal 
control inputs were highly satisfactory. During simulated target 
tracking maneuvers with SCAS ON, it was determined that a desired 
pitch attitude could be precisely maintained, and attitude changes 
could be easily and accurately accomplished (HQRS 2). The high 
level of pilot effort required to maintain an airspeed during dives 
was caused by the control force characteristics and the shallow 
static longitudinal stability gradients. The insensitivity of 
the longitudinal controllability characteristics to variations 
in weight, eg, configuration and altitude is highly desirable, 
and contributes significantly to mission suitability. 'Hie char- 
acteristics with the longitudinal SCAS OFF are good with little 
increase in pilot effort required for satisfactory mission accom- 
plishment. A mildly annoying characteristics with SCAS OFF was 
a slight amount of control cross-coupling. A forward control input 
resulted in a right roll, and an ai't control input resulted in a 

left roll. 

] 

Lateral 

72. The lateral controllability characteristics were determined 
to be satisfactory. The lateral controllability test conditions 
are presented in table VIII, appendix VIII.  A portion of these 
tests were conducted with the SCAS OFF.  In all cases tested, the 
aircraft reacted in the proper direction with a lateral control 
step input, and no apparent hesitation nor discontinuities in re- 
sultant rates were noted. The sensitivity and response was greater 
with a left lateral control input than with a right control input. 
The deviation to MIL-II-8501A discussed in paragraph 54 also ap- 
plies to this section. 

73. The lateral control sensitivity at airspeeds less than 100 
KCAS was approximately 16 deg/sec^/in. and was independent of alti- 
tude, gross weight or configuration. The time required to reach 
maximum angular acceleration was in all cases less than 0.5 second. 
At a given flight condition, the lateral sensitivity in climb was 
greater than that in level flight, and in autorotation it was less 
than in level flight. The maximum values of roll acceleration 
were achieved during climbs and in dives at V^ and were on the 
order of 25 to 50 deg/scc2/inch.  Lateral control sensitivity 
characteristics with SCAS OFF were similar to those obtained with 
SCAS ON.  Lateral control sensitivity data with SCAS OK are shown 
in figure L. 
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1\.     The maximum lateral control response uith SCAS ON varied 
10 deg/sec/in. at mid airspeeds (70 to 120 KCAS) to 20 dey/scc/in. 
at V^ in the clean configuration,  lateral control response was 
not a function of altitude or gross weight, but in the heavy hog 

configuration, higher maxi mum roll rates occurred than in the clean 
configuration (fig. 157, app VII). The time required to achieve 
maximum roll rate was approximately 1 second at all conditions 
tested with SCAS ON. 
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75. Lateral control response characteristics with SCAS OFF were 
similar to those observed with SCAS ON, except, as in the case 
of pitch response, a peak rate could not be achieved prior to initi- 
ating recovery due to the high rates and large roll displacements 
which occurred. Therefore, the SCAS OFF data are presented in 
terms of rate at 1 second after control input. The lateral con- 
trol response characteristics are suuuiarized in figure M. With 
SCAS ON, the AH-1G meets the requirements of paragraph 3.3.15 of 
MII.-II-8501A except for those areas, as indicated in figure M, where 
maximum roll rates exceeded 20  deg/sec/inch. 

NOTliS: 1. SCAS ON 
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Figure M.  Lateral Control Response. 
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76. The roll attitude displacement at 1 second following a 1-inch 
control input varied from 7 to 15 deg/inch.  In general, the only 
parameters affecting the displacement were increased gross weight 
and loaded rocket pods, both of which decreased displacement. 
Roll attitude displacement characteristics were essentially the 
same for SCAS ON and SCAS Ü1T. Data with SCAS OK are suiiunarired 
in figure N. 
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Figure  N.     Roll  Attitude   Displacement. 

77.    Qualitatively,   the  lateral  controllability characteristics 
of the AH-1G  in forward flight are satisfactory with SCAS ON. 
No objectionable characteristics were noted,  and the aircraft 
reacts rapidly to a control input.    The relatively high roll  rates 
and roll accelerations observed, while in some cases exceed the 
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maximum values stated in MIL-H-8501A, are satisfactory for an 
attack helicopter. These characteristics contribute to the abil- 
ity to make rapid turns and minimize time in return-to-target 
maneuvers (HQRS 2). However, these rates (22deg/sec/in.) are 
approaching the maximum allowable from a qualitative standpoint. 
A phenomenon was noted where an increase in engine torque resulted 
from a left control input, and a decrease in engine torque re- 
sulted from a right control input. This is discussed in detail 
in the Performance portion of the AH-1G Phase B report (ref 19, 
app IJ. No significant control coupling was encountered during 
the lateral controllability tests. 

Directional 

78. Directional controllability characteristics were investi- 
gated at the same conditions as longitudinal and lateral control- 
lability and were generally satisfactory. The directional con- 
trollability test conditions are presented in table IX, appendix 
VI11. A portion of these tests were conducted with the SCAS OFF. 
In all cases, the directional inputs resulted in an initial yawing 
of the aircraft in the proper direction. 

79. The directional control sensitivity decreased with increasing 
airspeed and was minimum at V|_. Sensitivity was greater in the 
clean configuration than in the heavy hog configuration at all 
airspeeds.  Increasing gross weight and increasing altitude, in 
a given configuration, resulted in a t.ignificant decrease in con- 
trol sensitivity, particularly at high airspeeds.  In all cases 
tested, the maximum yaw acceleration occurred at 0.5 second or 
less after the control input.  SCAS OFF choracteristics were gen- 
erally the same as SCAS ON.  Data arc summarized for all condi- 
tions tested (SCAS ON) in figure 0. 
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Figure 0.  Directional Control Sensitivity 

80. As with sensitivity, the directional control response was 
maximum at low airspeeds and decreased with increasing airspeed. 
Time to reach the maximum rate varied from 0.8 second (low alti- 
tude, light weight) to 1.5 seconds (high altitude, heavy weight). 
Differences in gross weight and configuration had no significant 
effect on the maximum yaw rate. Increasing density altitude re- 
sulted in a decreasing response. There was no significant change 
in directional control response characteristics with SCAS OFF 
when compared to corresponding SCAS ON condition. A summary of 
maximum directional control response is presented in figure P. 
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Figure P.  Pircctional Control Response 

81. Yaw attitude displacement was defined -it 1 second after a 
1-inch pedal input. This displacement was maximum at low air- 
speeds and minimum at V^. The heavy hog configuration had a slightly 
lower yaw displacement than did the clean configuration at all 
airspeeds.  Increased gross weight or altitude also reduced the 
yaw displacement at 1 second. Kith SCAS OFF, the yaw character- 
istics were similar to those with SCAS ON except that all yaw 
displacements were decreased by 5 to 6 deg/inch. Figure Q presents 
a summary of the yaw displacement characteristics for all SCAS ON 
conditions tested. 

38 

.■..j,-J^i^..v;.-.-^^.j.1.. 

-i^iif^My-nii^itoMMI 



"'!!'^V^IS"'^H' T*"9J!'< ..«fya^HVW lifBLVf^1' ^J""!!^")!», im ^tW^ ■^.J^«<lt,^l^'»ll.^llj/ v^^l 

O '.0 

o a: 

a e 

v. — 
o 

NOTES:   1.   SCAS ON 
2. SHADKD ENVELOPE CONTAINS ALL SCAS ON 

FLIGHT TEST DATA 

O      r- 

200 

CAI.IBRA'Ii !-   MK^I'I I I'   -   V ..,   '    I.CAS 
l. Al 

li^urc  'J.      Y.iu   Attitudf  Mi splaccnvnt 

82.     The directional  controllability characteristics  were good. 
During  simulated  tracking raaneuvcrs,   it  was determined  that,   ex- 
cept   for  the  characteristic of changing directional   control  trim 
with airspeed discussed  in paragraphs  26 and 31,  minima]   pilot 
effort was  required to maintain  an  adequate performance   level 
(HQRS 2).     One characteristic which was undesirable was  the re- 
sultant high  roll  rate which  occurred during forward  flight  at 
high speeds  following a directional   control  step input.     The roll 
was  always   in  the same direction  as  the control   input  and was 
greater to the right than to the  left.    This phenomenon  is due 
to  the very high effective  dihedral  at  this  flight  condition  and, 
in fact,  prevented the buildup of significant sideslip angle dur- 
ing directional step inputs at high speed.    SCAS ON or OFF had 
no significant effect on this  roll-yaw coupling. 
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LANDING GEAR CROSS-TUBE FAIRINGS EFFECTS 

83.    Controllability tests were conducted with  landing gear cross- 
tube fairings removed at  trim airspeeds of O.SVH,  V^ and VL.    Tests 
were conducted to investigate both lateral and directional char- 
acteristics.    Only slight variations were noted between the two 
configurations  in the yaw axis;  however,  a large  increase in sensi- 
tivity and response was  noted  in  the lateral  axis witli landing 
cross-tube fairing removed.     With the  fairings   removed,   the  lat- 
eral sensitivity was  more   than 20 deg/sec^/in.   greater  than with 
fairings   installed.     The   time  to achieve maximum acceleration was 
essentially  unchanged.     The   lateral  response was   approximately 
10 deg/sec/in.   greater,   and  tme  to maximuni rate was  0.7  second 
as  compared to 1  second with the fairings  installed.     Figure 164, 
appendix VII,   illustrates  the conparison between  fairing?  on and 
off for  lateral  sensitivity and response.    The maximum value of 
24 deg/sec/in.   lateral   control   response does  not  meet   the require- 
ment  of paragraph  3.3.15  of Ml [.-I1-S501A and   is  qualitatively deter- 
mined  to be excessive.     The  excessive  roll   rate  and decrease  in 
lateral-direct ional   damping   (para 00.1   made  precise  maneuvering of 
the  aircraft  extremely  difficult  when performing  normal   flight 
tasks   (ll<}RS  :>) .     However,   pilot   worUoad   reached   an   intolerable 
level  when  performing  maneuvers  where  precise  attitude  and  coordi- 
nate   flight were   required   to  acc-.impl i sli  the   intended  mission  for 
this   ai re raft   (ll^kS  7 I . 

HOVER CONTROLLABILITY 

84. Hover controllability  test? were conducted  primarily  in the 
clean configuration.     The hover  controllability  conditions  tested 
are presented  in tables X  through XII,  appendix VIII.    A portion 
of  these  tests was  also  conducted with  the  SCAS OFF.     The C'f range 
flown during  these hovering  tests was 0.0037  to 0.0052.    These 
tests were conducted   IGF.  at  a  skid-height  range  from 5 to  15 feet 
at mid eg  loading.     Hie hover controllability data  are presented 
in  figures  247  through  279,   appendix VII.     These data  are  sum- 
marized as a  function  of thrust  coefficient   (Cy)   in  figures  244 
through 246. 

Longitudinal 

85. With SCAS ON,   the   longitudinal  controllability characteris- 
tics  varied slightly with Cj.     The aircraft  reaction was  generally 
greater following a  forward  control  input  than with  an  aft  input. 
The  longitudinal  sensitivity was approximately  10 deg/sec^/in., 
and time to reach maximum acceleration was  approximat 'ly 0.2 second. 
The maximum response was  essentially constant  throughout  the Cj 
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due to configuration change. The 
aracteristies with the SCAS OFF 
th SCAS ON except that the maximum 
attitude change were slightly greater. 

86. The longitudinal controllability characteristics during hover 
were satisfactory.  In all cases, the helicopter reacted in the 
desired direction to a cyclic control step input, and the result- 
ant rates and accelerations were satisfactory.  Precision hover- 
in;1, required an unnecessarily high amount of pilot effort due to 
the high cyclic breakout forces discussed in paragraph 17. 

Lateral 

87. The   lateral   control   sensitivity with  SCAS ON  was   approximately 
16.5  deg/see~/in. ,   and   the   time   required  to  achieve maximum accel- 
eration was  a constant  0.15  second.    Maximum roll   response varied 
from   18  to 21  deg/sec/in.,   and  time  required  to  achieve maximum 
rate  varied  from 0.75  to  U.'J  second.     Lateral   controllability char- 
acteristics were  essentially unaffected by  variations   in C'j- store 
configuration,  ordnance   loading  and  sense of the   input   (left  or 
right). 

88. The lateral controllability characteristics changed only slightly 
when the SCAS was not  operating.    The maximum acceleration per 
inch of lateral  cyclic control   input was  less  in most  cases,  and 
the time to reach peak  roll  acceleration increased  to approximately 
0.35 second.    The maximum roll rate and resultant roll  attitude 
change were greater with  SCAS OFF than with  SCAS ON.     The time 
to reach maximum roll  rate remained the same   (0.75  to 0.9 second). 

89. The maximum allowable roll rate stated  in paragraph 3.3.15- 
of MIL-H-8501A was exceeded slightly in some cases;     however,  no 
tendency to overcontrol was noted.     In addition,   the  lateral con- 
trollability characteristics  in hover comply with  the requirement 
stated in paragraphs  3.3.16 and 3.5.18 of MIL-H-8501A. 

90. The lateral  controllability characteristics  in hover were 
similar to the longitudinal controllability in that  the aircraft 
reacts.^, in the proper direction to a control  step input,  and the 
resultant rates and accelerations were satisfactory.    The high 
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control breakout forces had a more detrimental effect on pilot 
effort required for precise hovering in the lateral axis than in 
the longitudinal axis (para 86). 

91. The maximum tail rotor horsepower recorded during recovery 
from a left lateral step input during the controllability tests 
ranged between 200 to 260 horsepower. The magnitude of the tail 
rotor horsepower depended on the dynamic characteristics of the 
aircraft as well as the magnitude of the control input during re- 
covery. Tail rotor horsepower was maximum at SL and decreased 
with altitude for a given control input. The 42- and 90-degree 
gear boxes were replaced several times during the tests because of 
unacceptable gear wear patterns.  There was insufficient directional 
control to maintain a constant heading during recovery from a right 
lateral step input. This problem is related directly to the trans- 
lational handling qualities discussed in paragraphs -12 through 46. 

Directional 

92. The directional controllability characteristics in hover varied 
significantly with variations in main rotor Cj.    Figure R presents' 
the results of this test. When hovering at a Cj  greater than 0.00465, 
less than 1 inch of left directional control remained; hence, in- 
puts were limited to the available control travel. The yaw dis- 
placement requirement of paragraph 3.3.5 of MIL-H-8501A was not 
met except within the very limited range of Cj values as indicated 
in figure R.  Directional control margin was inadequate when the 
average directional control position was less than 10 percent from 
the control limit.  In order to comply with the directional axis 
requirement of MIL-H-8501A, a significant increase in tail rotor 
thrust is required. The directional controllability characteris- 
tics are considered to be unacceptable, and correction is mandatory. 
With SCAS OF-T, the aircraft reaction to a directional control step 
input was generally less than with SCAS ON. 
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93.  A related problem to the insufficient directional control 
problem is the tail rotor power transfer limitation discussed 
in paragraph 49. Tail rotor horsepower was measured for direc- 
tional control inputs during most of the directional controlla- 
bility testing. The change in tail rotor horsepower required 
to initiate a directional heading change was generally found to 
be a function of pedal input magnitude. Peak tail rotor horse- 
power encountered when arresting turns varied from 210 to 225 
horsepower. The tail rotor horsepower required to arrest a turn 
rate was a function of the following parameters: yaw rate, yaw 
angular acceleration and rate of pedal control input. These high 
horsepowers resulted in the unicceptablc gear wear patterns of 
the 42- and 90-degree gear boxes as discussed in paragraph 49. 
Figures 287 through 289, appendix VII, present the tail rotor 
horsepower encountered during hover controllability tests. 
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94. The directional 
jeopardizes safe mis 
directional control 
yaw rate or to satis 
Cf range where more 
remains, an HQRS of 
lability in hover, 
of left directional 

controllability of the AH-1G is poor and 
sion accomplishment where insufficient left 
exists to either develop an adequate left 
factor!ly arrest a right yaw rate. For the 
than 10 percent of left directional control 
5 is assigned for the directional control- 
For the Cj  range where less than 10 percent 
control remains, an HQRS of 10 is assigned. 

V_. 

MANEUVERING STABILITY 

95. Maneuvering stability tests were conducted to evaluate the 
longitudinal control characteristics of the AH-1G. The two tech- 
niques used during this test were wind-up turns and symmetrical 
pull-ups. For both techniques, the aircraft was first stabil- 
ized at a trim airspeed in level flight, and the collective and 
force trim settings were maintained throughout the maneuver.  During 
the wind-up turns, the helicopter was stabilized at increasing 
increments of normal acceleration in a constant-airspeed, coordi- 
nated turn. During the synmetrical pull-ups, climbs and dives 
were performed establishing increasing increments of normal accel- 
eration in a svmmetrical pull-up as the helicopter passed through 
the level fligl.t attitude at the trim airspeed and altitude.  The 
aircraft was evaluated at two airspeeds: 0.8 V^ and V^. The con- 
figurations tested were:  clean wing, forward and aft eg loading 
at 7800 pounds and aft eg loading .it 7000 pounds. The average 
density altitude for these tests was SOOO feet.  The results of 
these tests are presented in figure 291, appendix VII.  Also, 
a summary of the maneuvering stability is presented in figure 
290. 

96.  The helicopter possessed positive maneuvering stability. 
As the load factor was increased, an increase in aft longitudi- 
nal force (pull) and aft longitudinal control position was re- 
quired.  Higher gradients were experienced at the forward eg loading 
than at the aft eg loading.  Extrapolation of these data indi- 
cates that both the longitudinal control position gradient and 
longitudinal force gradient would be stable throughout the eg 
envelope of the aircraft.  Increasing gross weight caused both 
the control position and force gradients to increase as did de- 
creasing airspeed. No feedback was noticed in the cyclic con- 
trol as was indicated in references 2 and 17, appendix I. 
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97. There was little or no lateral control variation from trim 
with increasing load factor during the symmetrical pull-ups.  How- 
ever, there was some right displacement of the lateral control 
from trim in the wind-up turns as load factor was increased. The 
magnitude of this right lateral control displacement was larger 
in wind-up turns to the right. The lan-ral control was approxi- 
mately 1.0 inch from trim at the highest attained load factor. 
A sumnary of lateral control displacement during maneuvering sta- 
bility tests is presented in figure 292, appendix VII. This lateral 
control migration with normal acceleration was not noticeable to 
the pilot.  The maximum bank angles attained were 72 degrees (left 
bank) in a left wind-up turn and 68 degrees (right bank) in a right 
wind-up turn. These values were obtained at the light gross weight 
(7000 pounds) and aft eg loading. The maneuvering stability char- 
acteristics are rated highly desirable. The control position and 
force gradients were adequate and displayed no discontinuities. 
An apparent change in stick force per g caused some concern during 
high-speed, constant-g jjullouts.  Wien normal acceleration was 
maintained at 2g,s or above during The pull out, the rapid decrease 
in airspeed during the maneuver resulted in a trim change which 
reduced the stick force noticeably.  For trimmed dive conditions, 
a decrease of 50 to 00 knots in airspeed during ;i constant-g pull- 
out reduced the stick force to approximately zero.  This character- 

istic should be noted MI the Ali-Id operator's manual (ref 20, app 1) 
and should be considered in follow-on control system designs. 

AIRCRAFT REACTION TO [NCINT. FAlLURi: 

98.  The aircraft reactions following n sudden engine failure were 
evaluated to determine the adequacy of pilot, cues, identify the 
recovery techniques required to establish autorotation and deter- 
mine MIL-H-S501A compliance.  Sudden engine failure was simula- 
ted by rapidly rotating the throttle to the ground idle position. 
All test? were initiated from stabilized wings-level flight. 
Following the simulated engine failure, all flight controls were 
held fixed for 2 seconds or until recovery was necessary to eval- 
uate recognition cues, required pilot actions and effect of delay 
times.  All tests were conducted with SCAS ON. Results of these 
tests are summarized in figures 293 through 297, appendix VII. 
Time histories of several simulated engine failures are presented 
in figures 298 through 301. Tests were conducted under conditions 
as shown in table 13, appendix VTII. 
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Aircraft Motions Following Simulated Engine Failures 

99.    The initial  reaction of the aircraft  following simulated 
engine  failures was,   for all  cases,   an immediate yaw to the left 
as  the rotor rpra began to decrease.    This was  followed by a  left 
roll.    The initial yaw acceleration Wc.s a function of the engine 
torque at the instant of failure.    A slight  pitch-up tendency 
was  controlled by the SCAS before being sensed by the pilot.    The 
left  roll  induced by the  left yaw reaction  (dihedral  effect) was 
slight  at   low speeds   (60 to 80  KCAS)   and was  controlled by the 
lateral  SCAS so that  no  roll   rates were  sensed by the pilot.     At 
airspeeds greater  than  80  KCAS,   the  roll  rates  saturated the  lateral 
SCAS and  resulted  in  increasing  left  roll  rates  with  increasing 
airspeed.     At  approximately   120  KCAS hith  a  cruise power setting, 
the   roll   rate  reached JS  tö  2S deg/seu  in  2  seconds  or  less.     Since 
the  dihedral  effect  becuiaes   greater v.ith   increasing  airspeed,   the 
time   to   reach   the  maximun  acceptable   roll   rate   12:>   to  28  deg/sec) 
was   decreased and   reduced  the   ti^e before   recovery  uas   initiated. 
At maximum airspeeds  evaluated,   the yaw/roll   reaction became very 
severe.     Heavy buffeting  of  the   tail  boom and  vertical   stabil- 
izer was  encountered  at   170   KCAS with  a  ü.S-second  delay. 

lingine  Failure Cut-:. 

100. The   reactions   and   indication;»   '.ensed  !>y   the  pilot   follow- 
ing   ".neiden  engine   failure   are   strung:  and  clear:     audible   (loss 
of engine noise,   low   qici  audio   •. i>:n.il.   change  of   rotor  sound), 
visual   (engine  and   rotor   : nst nir.cn t .'■,   ]ov<   rpm warning   light,   atti- 
tude  change)   and  kinesthctic   ('yi-  and  roll   accelerations). 

Delay Time  Evaluation 

101. The  tiiiie  available   for pilot   recognition   and  reaction  to 
sudden  engine   failure   idelay  tirei   wa«   evaluated   for  all   condi- 
tions.     For each  condition,   the  critical   control   input   was  deter- 
mined.     For   full-power  cli-bs   at  h7->  KCAS,   thf   delay  time possible 
was   greater  than   2  second^.      Vircraft   attitudes   and  rates  were 
not   objectionable  during   full-power  climb,   and   controlling 
rotor  rpm decay   (approximately  27  rp-i/sec)   with   the  collective 
was   the critical  pilot   action.     For  level   flight   conditions  at, 
or near,   the airspeed  for minimurri power required   (6S  to  75  KCAS) 
delays   in excess  of  2  seconds   for all  controls  are possible.     Air- 
craft  attitude  and  rotor  rpm decay were easily  controlled.     For 
all   level  flight  conditions  at  airspeeds between 60  and   120  KCAS, 
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a 2-second delay on all controls was achieved. At approximately 
120 K.CAS, the aaximua tolerable left roll rate (25 to 28 deg/se'c) 
was reached and recovery action was required. As the airspeed 
was further increased, the maximum tolerable delay time on the 
cyclic and directional controls decreased.  At 15Ü KCAS with the 
engine developing naxmuu power, recovery action (aft and right 
cyclic and right directional control) was required after approxi- 
mately 1 second for all configurations and gross weights. At 
VL (165 to 175 KCAS) for the minimum usable test altitude, the 

maximum delay time recorded was 0.7 second.  Because of the 
severity of the aircraft reaction following sudden engine failure, 
the requirement fur pilot response of less than 1 second is unac- 
ceptable.  Qualitative results of other tests (ref -M, app 1) 
indicated that 1-second delays were acceptable at all airspeeds 
for engine torque settings U-s> than 3:> ps i .  Additional testing 
is nece-isarv to uu.int 11 at i \ e 1 ^ evaluate the effects of reduced 
ens.' 1 rie pov.er :ii.e fai lure maneuvers . 

Uecove EL Technique 

102. 'I"he recovery technique following sudden engine failure was 
similar for all conditions.  ior the lower airspeeds (00 to 100 
KCAS), only imall cyclic inputs were required to control aircraft 
attitude, and :i smooth lowering of the collective was adequate 
to control the rotor rpr. decay .md establish aut orot at ion.  At 
the higher airspeeds (lOu f.CAS to \\),   |u-om]it control of the air- 
craft attitude (yaw and roll to The left) followed by ;J positive 
cyclic flare war. essential.  The cyclic flare reduced the rate 
of descent and checked rotor rp~ decay rate while reducing the 
airspeed to the desired autorotation value.  'Che collective was 
lowered smoothly after the flare wa-- fstab] i shed so that the rotor 
rpm was in the normal range when tnc autorotat iona] airspeed was 
reached. 

Ro tor RPM Pe c a v ( h a r a c t c r i:-1 i c ~ 

103. The   rotor  rpm decay   rate   varied   from   17  to  27  rpm/sec  de- 
pending on  the  collective  setting   (or  engine  torque)  at  the time 
of  simulated  engine   failure.     Airspeed with  R/C had  no measurable 
effect   on  the decay  rate   (figs.   295  through   297,   app Vll).     Mini- 
mum rotor speeds  of  260  to  280  rpm were  common  for delay  times 
of  2  seconds.     The  lowest  rotor rpm encountered during  the  tests 
was   219  rpm  for a   1.8-second delay at   120  KCAS at   10.000  feet. 
The  rotor rpm  responded quickly to recovery action by  the pilot. 
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Effects of Gross Weight, Center of Gravity, Density Altitude and 
Wing-Stores Configuration 

104. The aircraft reactions following a simulated engine fail- 
ure were basically similar for all conditions tested. The air- 
craft reaction to failure at light grift was quicker than at heavy 
grwt.  The aircraft response to control inputs and susceptibil- 
ity to control feedback were less during aircraft recovery at light 
grwt. The aircraft reactions at the medium grwt (8500 pounds) 
was less objectionable than cither the heavy grwt (.9500 pounds) 
or light (7500 pounds) grwt. Maxiauiu rotor loading (gross weight 
times normal acceleration) was more difficult to attain at light 
weight; and, consequently, the maximum rotor speeds attainable 
during aircraft recovery were auch lower (500 to 510 rpm). The 
reactions with forward eg loadings were more objectionable due 
to the increased nose-down attitude at the high airspeeds and the 
reduced amount of aft cyclic control available to effect recovery. 
Density altitude effects were not significant since the more criti- 
cal high airspeeds «ere beyond the envelope limits.  The external 
stores configurations tested (clean and four XM15<.i rocket pods 
installed) were not noticeably different. 

'-t'fects of Landing Gear Cros;.-Tubf l:airings Removed 

lo;..  Keactu>n> ui the All IG t'ulluwing sudden engine J.-nlure were 
also evaluated with landing; near crovs-tube fairings removed.  No 
significant differencer. in the .-»ircraft reactions were observed 
at airspeeds less than 100 KfAS:  the maximum permitted airspeed 
for this configuration. 

Limitat ions 

lOd.     The   following  characteristic^  and  reactions were  encountered 
which   limited   the   tcstinp  and  arc  the basis   for  operational   lim- 
i tat ions: 

a. Unacceptable left roll ratc= encountered at the high- 
speed, high-power conditions with a marginally acceptable pilot 
recognition  and  reaction  tine  of  1   second. 

b. Heavy buffeting of the  tail  boon,  and vertical   fin,   at 
or near the   limit  airspeed  conditions,   following  simulated  engine 
failures  at  high-power settings. 

c. Heavy control   feed-back  during  recovery  from high-speed, 
simulated  engine  failures where the maximuni tolerable  aircraft 
attitudes  and  rate;  were  recorded. 
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d. Large oain rotor flapping angles (70 percent of total 
available before hub and aast contact) were recorded during limit 
condition recoveries. The magnitude of the main rotor flapping 
angle can be increased to a dangerous level by lowering the col- 
lective before a positive flare and a resultant increased nor- 
mal acceleration is established. 

1U7.  To limit the operation of the AH-1G at conditions where the 
reactions following sudden engine failure are unacceptable, the 
following should be accomplished: 

a. Limit indicated engine torque to 3F> psi for dive air- 
speeds greater than 150 KCAS. 

b. Mark all airspeed indicators with yellow caution ARC 
between 150 and 190 knots. 

c. Mark all torqueneters with a yellow caution stripe at 
35 psi. 

d. kfvis.j paragraphs 4-1'. through 4-^5, 7-17, 8-20 and 
8-38 of the AH-IC pilot's handbook Iref 20,   app 1) in accordance 
with the precedim; discuss itüi. 

MISCELLANEOUS 

^rim  Change Accompanying SCAS Disengagement 

lOSk.  Tests were conducted to evaluate the aircraft reactions 
following SCAS disengrtgenient.  These tests were conducted at trim 
airspeeds between 55 KCAS and Yj in the heavy hog configuration. 
In all oises tested, the aircraft reacted with a gradual nose- 
up pitching motion and a slight right roll when STAS was disen- 
gaged.  The rates observed »ere very small and did not exceed the 
requirement of paragraph 5.5.9(3), MIL-H-8501A.  No significant 
aircraft reaction was observed during subsequent SCAS reengagement 
during trimmed, stabilised flight.  It is most probable that SCAS 
disengagement in stabilised flight would initially be undetected 
by the pilot except for the illumination of the appropriate warning 
lights and the decrease in aircraft dynamic stability as discussed 
in paragraph 57.  The aircraft reactions following SCAS "hardovers" 
were not investigated during these test?.  The results of the 
contractor in-flight SCAS qualification tests are presented in 
reference 22, appendix I. 
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SCAS Pylon Coupling 

iÜ'J.     SCAS pylon  coupling was  not  encountered during  the Phase 
U program.     Thij   would  indicate  that  the problem previously  en- 
countered during  Phase  B testing   (ref 2,   app  1)  had been alleviated, 
lifjwever,   a  's.T:ali   amount  of undariped  aircraft  notion \>as  encoun- 
tered at ma.<i.T(aTi ;;0'<.er   settings   (topping  power).     These small, 
but   annoying   aircraft   oscillations  were  probably  due  to  engine 
oscillation  and   not   SCAS  pylon  coupling.     These  oscillations  were 
eliminated  by   reducing  engine  output   power   slightly below   topping 
power. 

Airspeed Calibratiun 

110.     Air-jpeed   cal ibr.it iun   tests   -«ere   conducted   u>  determine   1 hi' 
position  '.-rror  of  the   standard  and  test   (boo:::)   airspeed  systems 
in  climbing,   Jr. mg,    eat ^rct at ran.i!   and   level   fliiJit.     'Hie  melliods 
u.ed   to   calibrit'.-   the   '-::■.'.   air-,peed   s>^tei:;  were   a   combination  of 
the   trailing  bomb,   pacer   lircraft   and  giound   spied  course.     The 

11 ilirat ion   v,a ;   .•JK J .^ ted   n ..! e    tie.!:,    vi ii f ig0rat i on  on I v ,   and 
the   data    ire   pr'e.ented    : n   ir.'.are'     .>■'.'   tbrc-ugh   So-!      .ippendl.x   \ll. 

111.     The   Uaniar!    nr.pee,!    .-, ■terr,  ...*•    calibrated   using   the   trail 
ing  bomb   and   JMC- ;    i; r-. r.il'*   -■■':..:d . ,   and   tf.e   reMilt'    are   pi'e'.ente 
in   figure   .".)'.),    ipp-Ti..!:.'   .11.      It.   i!.i::ior.   to   t In   data  gat tu red 
during   tin;   ev 11 u..i' : ->r..   • r.     te.t   v. •;;;:•■    r^lude  data   from   the 
All- HI   I'ha '.•.•   P.   t 
figuration",  wer1 

I ) .     Tin    test   con- 
ic an ar, .i    'iiti'e.trd   aiti-rnatc.     The   po:-j 

tion  error   in   C!I~}.II:I,:    i:;d   .uit orot at '.nna 1   flight   was   ]'•.'.   than 
.'i  knot-;   from   . ".   r-   pie   in..r-'.   ;;-. ; r it'-d   ,;!r--p('d   (tlASl   ami   was 
acceptable.      i b i .    rr-rcd  '-'ind   i nc 1 ■; U:~   "I'1    airsp<''fd   f"r  maxi- 
mum glide.     Higher  position  crr^r-   wrf   prc--rnt   from  "«O  to  $'.,  KIAS, 
but   these   error;    ire   "it   klrc-c i   -1 ^n ; f 11 ant    --inc'   tlic  helicopter 
is  normally  acce lerat i ns;  ■-r  docolcr^T inn   through   thr   airspeed 
band. 

112.     The  standard   lirsreed  tester  calihratj-r:  for   levr-]   and  div- 
ing   flight  w.'i<   compared   to  the  position   rrmrs   li-trd   in  thr   oper- 
ator's numua 1   (ref   IS.   app   Ji.     Thi-   comparison   i?  prrr-rntcd   in 
figure  s  and   ;houA   •■ = ;enr ial !>'  the  sarr  position  error   from  40 
to PH KI A3. M- the -irsrerd ranee? fro- .s0 To 40 K1AS and 170 
to 190 KIAS. there is a difference of 2  knot? or ]C?F between the 
two sources of data.  The airspeed position error? determined during 
this test are satisfactory for the aircraft's mission and should 
be incorporated into the operator'? nanual. 
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CONCLUSIONS 

GENERAL 

il3.    The handling qualities of the AH-1G are acceptable through- 
out the published flight envelope except  for the deficiencies  as 
listed in paragraph 118. 

114. The deviation from MIL-H-8501A referred to in the AH-1G con- 
tract pertaining to the  lateral-directional handling qualities 
does not establish adequate alternate standards for design or 
evaluation  (paras  34 and 40). 

115. A directional control toargin of 10-perceiu   total  pedal  travel 
is  the minimum acceptable  for operating the AH-1G   (para 42). 

116. The dynamic   stability  handling qualitic-s  of the  AH-1G  are 
unacceptable  at   airspeeds   in  excess   of   !(>(.>  la AS with   the   landing 
gear cross-tube-   fairings   rt-runed  and ».ith  the SGAS OK   (paras  60 
and  83J. 

117,      The   dynamic   stability   h.inJi:i.,:   uiJ.ilitus   of   the  AII-1G   are 
unacceptah le  at   airspt-t'ds   in   excess   oi   ]]'•  MAS with  the   landing 
gear  cross-tube   fairings   rer.tive.!   .ir.d  wit!,   the  SCAN   inoperative 
(para t> 1 ) . 

DEFICIENCIES AND SHORTCOMINGS AFTCTISC". MISSION  ACCOMPI.ISJWENT 

118.    Correction of the  following deficiencies  is mandatory  for 
successful  accomplishment  of the   intended mission: 

a. The excessive  cyclic  control  breakout   forces   (para   17). 

b. Inadequate directional   control   (paras 43 through 46). 

c. Inability to achieve maximum tail  rotor blade angle 
(19 degrees) when full  directional  control  is applied for all  con- 
ditions with the present directional  control/yaw SCAS geometry 
(para 47). 

d. The excessive tail  rotor horsepower required  for hover- 
ing and translational flight   (paras 49,  9i and 93). 
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119. Correction of the following shortcomings is desirable for 
successful accomplishment of the intended mission: 

a. Neutral static longitudinal stability at airspeeds 
approaching VL (para 23). 

b. Increase in right directional control with increasing 
airspeed in dive (paras 26 and 31). 

c. Directional instability between 10 and 19 knots at rela- 
tive wind azimuths between 210 and 230 degrees (para 48). 

d. The poor longitudinal dynamic stability characteristics 
with the SCAS not operating (para 54). 

e. The decrease in lateral-directional damping with the 
SCAS OFF (para 57). 

•a 
S 
1 

MILITARY SPECIFICATION COMPLIANCE 

120. All stability and control handling qualities specified in 
reference 12, appendix I, are complied with except for the following 
paragraphs of MIL-H-8501A (not including paras 3.3, 3.6 and 3.7). 

Paragraph 

3.2.10 

3.2.4 

3.2.7 

3.5.4.1 

3.5.5 
and 

3.5.5.1 

and 3.5.4.5 

Item 

Neutral static longitudinal stability at 
airspeeds above 170 KCAS. 

Longitudinal breakout force is greater 
than the force gradient required to pro- 
duce the first inch of longitudinal con- 
trol displacement from trim. 

Longitudinal breakout forces in excess 
of approved deviation from MIL-H-8501A. 

Insufficient directional control to per- 
form vertical climb throughout present 
flight envelope. 

Insufficient time to recognize and insti- 
tute corrective action following engine 
failure within the present flight envelope. 

Tests not conducted to check compliance. 
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121. All portions of paragraph 3.3 of MIL-H-8501A were met except 
the following. The contractor was not obligated to meet the fol- 
lowing portions of MIL-H-8501A: 

Paragraph 

3.3.5 and 3.3.6 

3.3.9 

3.3.11 

3.3.13 

3.3.15 

Item 

Insufficient directional control during 
trans1ational flight; 

Neutral dihedral effect in autorotation. 

Lateral breakout forces greater than 
the force gradient to produce the first 
inch of longitudinal control displace- 
ment from trim. 

Lateral breakout forces in excess of 
approved deviation from MIL-H-8501A. 

Angular roll rate is greater than 20 
degrees/second/inch for some flight 
conditions. 
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RECOMMENDATIONS 

122. The handling qualities and flight envelope limitations pre- 
sented in this report are recommended for inclusion in the oper- 
ator's manual. 

123. Correct, deficiencies on a priority basis. 

124. Correct shortcomings at the earliest convenience. 

125. Restrict the operational flight envelope to conditions which 
provide a 10-percent directional control margin (para 42). 

126. Initiate action to increase directional control margins and 
improve the torque transfer capability of the tail rotor drive 
system (paras 46 and 49). 

127. Revise deviation 1 of MIL-H-8501A granted in the AH-1G con- 
tract, pertaining to the lateral-directional handling qualities, 
to include adequate standards for design and evaluation (para 34). 

128. Incorporate the following flight envelope limitations: 

a. Limit airspeed to 160 KCAS (SCAS ON) and 115 KCAS (SCAS 
OFF) when landing gear cross-tube fairings are not installed 
(paras 60, 61 and 83). 

b. Mark airspeed indicators (pilot and copilot) with a 
yellow caution arc between 150 KIAS and limit airspeed (para 107). 

c. Mark engine torque meters (pilot and copilot) with a 
yellow stripe at 35 psi (para 107). 

d. Mark airspeed indicators (pilot and copilot) with a 
yellow caution arc between 150 KIAS and limit airspeed (para 107). 

T 
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APPENDIX II. BASIC AIRCRAFT INFORMATION 
AND OPERATING LIMITS 

AIRFRAME 

Rotor System 

The 540 "door hinge" main rotor assembly is a'two-bladed, semi- 
rigid, underslung feathering axis type rotor. The assembly con- 
sists basically of two all-metal blades, blade grips, yoke exten- 
sions, yoke trunnion, and rotating controls. Control horns for 
cyclic and collective control input are mounted on the trailing 
edge of the blade grip. Trunnion bearings permit rotor flapping. 
The blade grip to yoke extension bearings permit cyclic and col- 
lective pitch action. 

Tail Rotor 

The tail rotor is a two-bladed, delta-hinge type employing pre- 
coning and underslinging. The blade and yoke assembly is mounted 
to the tail rotor shaft by means of delta-hinge trunnion. Blade 
pitch angle is varied by movement of the tail rotor control pedals. 
Power to drive the tail rotor is supplied by a takeoff on the 
lower end of the main transmission. 

Transmission System 

The transmission is mounted forward of the engine and coupled to 
the engine by a short drive shaft. The transmission is basically 
a reduction gear box which transmits engine power at reduced rpm 
to the main and tail rotors by means of a two-stage planetary gear 
train. The transmission incorporates a free-wheeling unit at the 
input drive. This provides a disconnect from the engine in case 
of a power failure to allow the aircraft to make an autorotional 
landing. 

Synchronized Elevator 

The synchronized elevator, which has an inverted airfoil section, 
is located near the aft end of the tail boom and is connected by 
control tubes and mechanical linkage to the fore and aft cyclic 
control system. Fore and aft movements of the cyclic control 
stick produce a change in the synchronized elevator attitude. 
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Control Systems 

A dual hydraulic control system is provided for the cyclic and 
collective controls. The directional controls are powered by a 
single servo cylinder which is operated by system No. 1. The 
hydraulic system consists of two hydraulic pumps, two reservoirs, 
relief valves, shut-off valves, pressure warning lights, lines, 
fittings, and manual, dual tandem, servo actuators incorporating 
irreversible valves. Tandem power cylinders incorporating closed 
center four-way manual servo valves and irreversible valves are 
provided in the lateral, fore and aft cyclic and collective control 
system. A single power cylinder incorporating a closed center 
four-way manual servo valve is provided in the directional control 
system. The cylinders contain a straight-through mechanical linkage. 

Force Trim 

A magnetic brake and force gradient device is incorporated in the 
cyclic control and directional pedal controls. These devices arc 
installed in the flight control system between the cyclic btick and 
the hydraulic power cylinders and between the directional pedals 
and the hydraulic power cylinder. The force trim control can be 
turned off by depressing the left button on the top of the cyclic 
stick. The gradient is accomplished by springs and magnetic brake 
release assemblies which enable the pilot to trim the controls 
as desired. 

Cyclic Control Stick 

The pilot and gunner cyclic stick grip each have a force trim switch 
and a SCAS release switch. The pilot's cyclic stick has a built-in 
operating friction. The cyclic control movements are transmitted 
directly to the swash plate.  The fore and aft cyclic control link- 
age is routed from the cyclic stick through the SCAS actuator, to the 
dual boost hydraulic actuator and then to the right horn of the 
fixed swash plate ring. The lateral cyclic is similarly routed to 
the left horn. 

Collective Pitch Control 

The collective pitch control is located to the left of the pilot and 
is used to control the vertical mode of flight. Operating friction 
can be induced into the control lever by hand tightening the 
friction adjuster. The pilot and gunner collective pitch controls 
have a rotating grip-type throttle. 
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Tail Rotor Pitch Control Pedals 

Tail rotor pitch control pedals alter the pitch of the tail rotor 
blades and thereby provide the means for directional control. The 
force trim system is connected to the directional controls and is 
operated by the force trim switch on the cyclic control grip. 
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Flight Controls Schtmotic 

Stability and Control Augmentation System (SCAS) 

The SCAS is a three-axis, limited-authority, rate-referenced 
stability augmentation system. It includes an electrical pilot 
input which augments the pilot's mechanical control input. This 
system permits separate consideration of airframe displacements 
caused by external disturbances from displacements caused by pilot 
input. The SCAS is integrated into the fore, aft, lateral and direc- 
tional flight controls to improve the stability and handling qualities 
of the helicopter. The system consists of electro-hydraulic 
servo actuators, control motion transducers, a sensor/amplifier 
unit and a control panel. The servo actuator movements are not 
felt by the pilot. The actuators are limited to a 25-percent 
authority and will center and lock in case of electrical and/or 
hydraulic failure. 
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Inttrrclotion of SCAS Components 

ENGINE 

I" 
r 

Engine Description 

The T53-L-13 engine, rated at 1400 shp, is a successor to the 
T53-L-11 engine. The additional power has been achieved with no 
change in the basic T53-L-11 engine envelope mounting and connec- 
tion points and with a 6-percent increase in basic engine weight. 

The performance gain is accomplished thermodynamically by the me- 
chanical integration of a modified axial compressor, a two-stage 
compressor turbine and a two-stage power turbine into the T53-L-11 
engine configuration. 

Replacement of the first two compressor stators and changing of 
the first two stages of compressor rotor blades and disks results 
in an approximate 20-percent increase in mass air flow through the 
engine. This is accomplished without the use of inlet guide vanes. 

An inlet flow fence, located on the outer wall of the inlet housing 
in the area of the previously used inlet guide vanes, provides the 
desired inlet conditions for the transonic compressor during accel- 
eration at low speeds. At compressor speeds up to 70 percent, the 
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fence is in the extended position.    Above 70 percent, the flow fence 
is retracted into the outer wall of the inlet housing.    Similar to 
a piston ring, the circumference of the flow fence is changed by the 
action of a piston actuator powered by compressor discharge pressure. 

The specification for this engine allows the use of JP-4 or JP-5 type 
fuel for satisfactory operation throughout the engine's operating 
envelope.    During this profci-ain, JP-4 fuel was used. 

Engine Power Control System 

The fuel control for the T53-L-13 engine is a hydro-mechanical type 
of fuel control.    It consists of the following main units: 

a. Dual-element fuel pump. 

b. Gas producer speed governor. 

c. Power turbine speed topping governor. 

d. Acceleration and deceleration control. 

e. Fuel  shut-off valve. 

f. Transient air bleed control. 

An air bleed control  is incorporated within the fuel control   to 
provide for opening and closing the compressor interstage air bleed 
in response to the following signals present in the power control: 

a. Gas producer speed. 

b. Compressor inlet, air temperature. 

c. Fuel flow. 

The fuel control is designed to be operated either automatically 
or in an emergency mode. In the emergency position, fuel flow is 
terminated to the main metering valve and is routed to the manual 
(emergency) metering and dump valve assembly. While in the emer- 
gency mode, fuel flow to the engine is controlled by the position 
of the manual metering valve which is directly connected to the 
power control (twist grip). During the emergency operation, there 
is no automatic control of fuel flow during acceleration and decel- 
eration; thus, EGT and engine acceleration must be pilot-monitored. 
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BASIC AIRCRAFT INFORMATION 

Airframe Data 

, -  '      ' ""Xi; 

/ O 

Overall length (rotor turning) 
Overall width (rotor trailing) 
Center line of main rotor to center line 

of tail rotor 
Center line of main rotor to 

elevator hinge line 
Elevator area (total) 
Elevator area (both panels) 
Elevator airfoil section 
Vertical stabilizer area 
Vertical stabilizer airfoil section 
Vertical stabilizer aerodynamic center 

Wing area: 
Total 
Outboard of BL 18.0 (both sides) 

Wing span 
Wing airfoil section: 

Root 
Tip 

Wing angle of incidence 

Main Rotor Data 

637.2 inches 
124.0 inches 

320.7 inches 

198.6 inches 
15.2 square feet 
10.9 square feet 
Inverted Clark Y 
18.5 square feet 
Special camber 
FS 499.0 

27.8 square feet 
18.5 square feet 
10.33 feet 

NACA 0030 
NACA 0024 
14 degrees 

Number of blades 
Diameter 
Disc area 
Blade chord 
Rotor solidity 
Blade area (both blades) 
Blade airfoil 

Linear blade twist 
Hub precone angle 
Main rotor inertia 

Antitorque Rotor Data 

Number of blades 
Diameter 
Disc area 
Blade chord 
Rotor solidity 
Blade airfoil 
Blade twist 

14 

2 
44 feet 
1520.5 square feet 
27 inches 
0.0651 
99 square feet 
9.33 percent symm 
special section 
-0.455 deg/ft 
2.75 degrees 
2900 slugs-ft2 

2 
8.5 feet 
56.74 square feet 
8.41 inches 
0.105 
NACA 0010 modified 
Zero degrees 
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For this test, the AH-1G with skid gear fairings removed: same 
as standard configurations (Normal limit for operational use: 
160 KCAS) 

All other configurations: 190 KCAS below a 4000-foot density 
altitude; decrease 8 KCAS per 1000 feet above 4000 feet 

Gross Weight/Center of Gravity Envelope 

Forward center of gravity limit: Below 7000 pounds, FS 190.0; 
linear increase to FS 192.1 at 9500 pounds 

Aft center of gravity limit: Below 8270 pounds, FS 201.0; linear 
decrease to FS 200 at 9500 pounds 

Sideslip Limits 

Five degrees at V with linear increase to 20 degrees at 60 KCAS 

Rotor and Engine Speed Limits (Steady State) 

Power on: 
Engine rpm 
Rotor rpm 

Power off: 
Rotor rpm 
Rotor rpm transient lower limit 

Power on during dives and maneuvers: 
Rotor rpm 

Temperature and Pressure Limits 

Engine oil temperature 
Transmission oil temperature 
Engine oil pressure 
Transmission oil pressure 
Fuel pressure 

T53-L-13 Engine Limits 

Normal rated EGT (maximum continuous) 
Military rated EGT (30-minute limit) 
Starting and acceleration EGT (5-second limit) 
Maximum EGT for starting and acceleration 
Torque pressure limit 

6400 to 6600 
314 to 324 

294 to 339 
250 

314 to 324 

930C 
110oC 
25 to 100 psi 
30 to 70 psi 
5 to 20 psi 

6250C 
6450C 
6750C 
760oC 
50 psi 
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Transmission Drive System Ratios 

Engine to main rotor 
Engine to antitorque rotor 
Engine to antitorque drive system 

Test Aircraft (S/N 6615247) Control Displacements 

Longitudinal cyclic control: 
Full forward to full aft with SCAS nulled 

Lateral cyclic control: 
Full left to full right with SCAS nulled 

Directional (pedal) control: 
Full left to full right with SCAS nulled 

Collective control: 
Full up to full down with SCAS nulled 

Test Aircraft (S/N 6615247) SCAS Authority 

Longitudinal SCAS authority: 
±12.5 percent or ±1.13 inches of longitudinal 
cyclic control displacement 

Lateral SCAS authority: 
±12.5 percent or ±1.25 inches of lateral 
cyclic control displacement 

Directional SCAS authority: 
±12.5 percent or ±0.88 inch of directional 
(pedal) control displacement 

Ü 

20.383:1.0 
3.990:1.0 
1.535:1.0 

9.07 inches 

10.00 inches 

7.07 inches 

9.30 inches 
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Test Aircraft (S/N 6715695) Control Displacements 

Longitudinal cyclic control: 
Full forward to full aft with SCAS nulled 10.08 inches 

't Yjt 

Lateral cyclic control: 
Full left to full right with SCAS nulled 

Directional (pedal) control: 
Full left to full right with SCAS nulled 

Collective control: 
Full up to full down with SCAS nulled 

Test Aircraft (S/N 6715695) SCAS Authority 

Longitudinal SCAS authority: 
±12.5 percent or ±1.26 inches of longitudinal 
cyclic control displacement 

Lateral SCAS authority: 
±12.5 percent or ±1.24 inches of lateral 
cyclic control displacement 

Directional SCAS authority: 
±12.5 percent or ±0.75 inch of directional 
(pedal) control displacement 

OPERATING LIMITATIONS 

Limit Airspeed (V.) 

9.90 inches 

5.97 inches 

8.98 inches 

Any configuration with XM159 rocket pods: 180 KCAS below a 3000- 
foot density altitude; decrease 8 KCAS per 1000 feet above 3000 
feet 
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APPENDIX III. HANDLING QUALITIES 
RATING SCALE 
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APPENDIX IV. TEST TECHNIQUES AND 
DATA REDUCTION PROCEDURES 

INTRODUCTION 

Nondimensional Method 

1. Tests were flown at different combinations 
sity altitude to deteimine if variation in the 
change in handling qualities. Correlation of 
plished by summarizing the data as a function 
efficient where applicable. Each individual t 
a constant main rotor thrust coefficient (Cy). 
tained by either increasing altitude as fuel w 
conducted at altitudej or adding ballast to th 
consumed (for flights conducted in ground effe 
to determine the nondimensional main rotor thr 

of gross weight and den- 
se parameters caused a 
these data were accom- 
of main rotor thrust co- 
est flight was flown at 

A constant Cj was main- 
as consumed (for flights 
c aircraft as fuel was 
ct). The equation used 
ust coefficient was: 

Thrust coefficient = C = 
GRhT 

(1) 

Instrumentation 

2. All instrumentation in both aircraft was calibrated prior to com- 
mencing the test program. All quantitative data obtained during this 
flight test program were derived from special sensitive instrumentation. 
A detailed tabulation of the instrumentation is given in appendix V. 
Data were obtained from four aircraft sources and two ground support 
sources. The aircraft sources were: oscillograph, photopanel, pilot's 
panel (hand recorded), and engineer's panel (hand recorded). The ground 
support sources were: ground station and ground speed reference vehicle. 

Weight and Balance 

3. A high degree of control was maintained on weight and balance of 
the test helicopter. Variations in empty weight and eg, because of 
changes in helicopter component instrumentation, were defined by peri- 
odically weighing the helicopter. 

4. The empty weight of test aircraft, S/N 615247, in the clean con- 
figuration without instrumentation installed could not be determined 
since the aircraft was partially instrumented when it was delivered 
to USAASTA at the beginning of the program. In addition, the aircraft 
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was not a production aodel and was not representative of a standard 
AH-1G. The empty weight of test aircraft, S/N 715695, in the clean 
configuration without instrumentation installed was 5805 pounds, and 
the longitudinal eg was 201.4 inches. This aircraft is considered to 
be representative of the production model aircraft. This weighing was 
performed with following conditions prevailing: engine and transmis- 
sions full of oil, trapped fuel not drained, ammunition boxes with covers 
and ammunition chutes installed for chin turret, four wing store pylon 
stations installed, air conditioning system not installed and weight 
and center of gravity adjusted for removal of jack pads. The fuel load 
of the aircraft was defined by measuring the fuel specific gravity and 
temperature after each fueling and by using an external sight gage on 
the calibrated fuel cell to determine fuel volume. Fuel used in flight 
was recorded by a calibrated fuel-used system, and the results were 
cross-checked with the sight gage reading following each flight. Heli- 
copter loading and eg were controlled by using ballast. 

Flight Control Systems 

5. Control breakout forces, control force gradients and control force 
friction band were measured on the ground with the rotor in a static 
position.  Hydraulic pressure and electrical power were supplied by 
ground support equipment during these tests. Breakout forces and con- 
trol force characteristics were determined by using an electrical strain 
gage bridge mounted in the appropriate location on each control. The 
control was displaced from the trim condition at a rate of 0.1 to 0.2 
inch/second. A continuous record of control position and control force 
was made during the test. The breakout forces and control force fric- 
tion band were also checked during flight. 

STATIC STABILITY CHARACTERISTICS 

Static Trim Stability 

6. The static trim stability was investigated using the following tech- 
nique. The helicopter was trimmed at various airspeeds (minimum of 
5 points) over an airspeed range. The range of the airspeed flown for 
each flight condition depended on density altitude, gross weight and 
eg. While the aircraft was stabilized at each trim airspeed, all con- 
trol forces, control positions and aircraft attitudes were recorded. 
Altitude was varied during each test flight to maintain a constant thrust 
coefficient for each trim airspeed. 
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Static Longitudinal Collective-Fixed Stability 

7. The static longitudinal collective-fixed stability was investigated 
using the following method. The aircraft was first stabilized at the 
desired trim conditions. The helicopter was then stabilized at several 
airspeeds greater and less than the trim airspeed in ascending or de- 
scending flight. The airspeed was then varied by use of the longitudi- 
nal control. The trim collective control position, control trim force 
position and trim engine power were maintained as airspeed was varied 
about each trim airspeed. At each stabilized point the control posi- 
tions, control forces and aircraft attitudes were recorded. Altitude 
was varied as fuel was consumed during each test flight to maintain 
a constant thrust coefficient for each trim airspeed. 

Static Directional Stability and Effective Dihedral 

8. The static directional stability and effective dihedral tests were 
conducted using the following technique.  The aircraft was first sta- 
bilized at a trim airspeed at or near zero angle of sideslip.  Side- 
slip angle was then varied and stabilized at different values (left 
or right of trim) until the limits of the sideslip envelope were achieved, 
The trim collective control position, control trim force position and 
trim airspeed were held constant as angle of sideslip was varied about 
each trim condition. At each stabilized point control positions, con- 
trol forces and attitudes were recorded.  Altitude was varied as fuel 
was consumed during each test flight to maintain a constant thrust coeffi- 
cient for each trim airspeed. 

Translational Flight Handling Qualities Evaluation 

9. The translational handling qualities were investigated by con- 
ducting tests at various combinations of wind azimuth and airspeed. 
Mien the aircraft was stabilized in translational flight, parameters 
necessary to determine gross weight, ambient air conditions, azimuth, 
airspeed and directional control (pedal) with SCAS in nulled posi- 
tion were recorded.  A ground vehicle with a calibrated speedometer 
was used as a reference when attempting to stabilize the helicopter 
at the desired airspeed and azimuth.  Ambient wind velocity and 
direction were incorporated into the analysis when determining the 
airspeed and wind azimuth. Tests were conducted with wind veloci- 
ties less than 4 knots.  A constant thrust coefficient was main- 
tained for each test condition by adding ballast as fuel was consumed. 
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Dynamic Stability 

10. Dynamic stability characteristics of the AH-1G were tested by using 
the following techniques. The aircraft was first trimmed at the de- 
sired flight condition and airspeed. Gust disturbances were then sim- 
ulated by making pulse-type control inputs of 1 inch for 0.5 to 1.0 
second. The control was then returned to trim at which time all con- 
trols were held fixed until the aircraft motions damped out or recovery 
action was required. All resulting aircraft motions, as well as the 
control input, were recorded on the oscillograph. Altitude was varied 
as fuel was consumed during each test flight to maintain a constant 
thrust coefficient for each trim airspeed. Oscillations were evaluated 
by determining the resultant damping ratio and damped natural frequency. 
Times for the aircraft oscillations to damp were obtained from the timing 
lines on the oscillograph. The damped natural frequency and the damp- 
ing ratio were derived for all conditions tested by two methods. These 
were the logarithmic decrement method and time ratio method. 

11. The logarithmic decrement method was used for lightly damped to 
unstable aircraft motion. The range of damping ratios determined by 
this method was from -0.5 to +0.5. The damping ratio is a function 
of the amplitude and the damped natural frequency is a function of the 
period. 

X 
In m 

P 

TT m c. 

\[ i - c 
(2) 

(3) 

12. The time ratio method was used to analyze the heavily damped 
aircraft motion which was usually characterized by one excursion 
from trim. The range of damping ratios determined by this method 
was from 0.5 to 1.8. Anything more heavily damped than 1.8 was 
considered "deadbeat," and no accurate means was available to deter- 
mine either damping ratio or undamped natural frequency. When using 
the time ratio method, the undamped natural frequency was determined 
by the damping ratio and the damped natural frequency by means of 
the following formula: 
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1    ^ 

w. = w
n   v1 - ^2    (0<^< 

1) 

^d = ^n     If Q    - 1 (C>1) 

(4) 

C5) 

13.    Each flight condition was given a description as  far as the 
kind of damping characteristic that it represented.    These descrip- 
tions along with the damping ratio range are listed below: 

Description 

Negatively damped 
Neutrally damped 
Lightly damped 
Heavily damped 
Dead beat 

Damping Ratio Range 

c < 0 
c = 0 
c = 0 1 to 0 .4 
c = 0 5 to 1 .8 
c > 1 8 

J, 

Controllability 

14. Aircraft controllability characteristics were  investigated 
using the following technique.    The aircraft was first stabilized 
at the desired flight condition and airspeed.    Step-type control 
inputs were then initiated and held until  the maximum rate was 
reached or recovery action was necessary.    The magnitude of these 
step-type control inputs was varied   (usual]y a minimum of 2 inputs 
in each direction) until  a maximum control displacement  of approxi- 
mately   1.0  inch was  realized.     An  adjustable,  rigid  control   fixture 
was  used  to assist  in  achieving the desired inputs.     Resultant  air- 
craft  motions  as well  as   the  control  input were recorded on the 
oscillograph.    The maximum angular accelerations were derived by 
differentiating the rate  trace at  the inflexion point. 

Airspeed Calibration 

15. The test airspeed indicator system  (boom)  and standard airspeed 
system were calibrated by comparing readings to a known reference. 
A calibrated trailing bomb was  suspended from the helicopter with 
a cable approximately 50 feet  in  length.    The aircraft was then 
stabilized at various airspeeds  in  level  flight,  climb and autoro- 
tation.     By comparing the airspeed,  corrected for instrument errors, 
of both systems to the bomb system,  the error was defined. 
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16. The test boom «tirspeed indicator system was calibrated at 
higher airspeeds, both in level flight and dive using a T-28 pacer 
aircraft.    The test and pacer aircraft were stabilized at the same 
airspeed, and data were recorded in each aircraft simultaneously. 
Since the position error of the pacer was known,  the calibrated 
airspeed of the aircraft was readily computed. 

17. The test boom airspeed indicator system was calibrated in 
level flight over a measured ground course.    Two passes were flown 
on reciprocal headings at each airspeed to average wind effects. 
This method provided a cross-check on the trailing bomb method 
described in paragraph 15. 

18. The test airspeed system consisted of a boom with a non-swiveling 
pitot-static head mounted just aft and below the nose of the air- 
craft.    This pitot-static system was connected to the sensitive 
airspeed and altimeter indicators on various instrument panels. 
This system was used in place of the standard pitot-static system 
since the standard system was not accurate when both systems were 
installed on the aircraft. 

u 
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APPENDIX V.TEST INSTRUMENTATION 

USA S/N 6715695 

All instrumentation was  installed in the test helicopter prior 
to the start of the test program.    This instrumentation provided 
data from three sources:    pilot panel,   copilot/engineer panel and 
a 50-channel oscillograph.    All instrumentation was calibrated. 
The flight test  instrumentation was installed and maintained by 
the Instnmentation Branch, Logistics Division,  USAASTA.    The fol- 
lowing test parameters were presented. 

Pilot Panel 

(Boom system) airspeed 
(Boom system) altitude 
Rate of climb 
Rotor speed 
Gas producer speed 
(Standard system) torque pressure 
Longitudinal control position 
Lateral control position 
Pedal control position 
Collective control position 
Center of gravity normal acceleration 
Angle of sideslip 

Photo 1. Pilot Panel for Aircraft S/N 6715695 
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Engineer Panel 

(Boom system)  airspeed 
(Boom system) altitude 
Outside air temperature 
Rotor speed 
Fuel used total 
Oscillograph correlation counter 

Photo 2. Engineer Panel for Aircraft S/N 6715695. 
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Oscillograph 

Longitudinal control position 
Lateral control position 
Directional control position 
Collective control position 
Pitch attitude 
Roll attitude 
Yaw attitude 
Pitch rate 
Roll rate 
Yaw rate 
Angle of attack 
Angle of sideslip 
CG normal acceleration 
Longitudinal SCAS position 
Lateral SCAS position 
Directional SCAS position 
Rotor blip 
Lateral and vertical vibration sensors (pilot seatj 
Lateral and vertical vibration sensors (copilot/gunner seatj 
Lateral and vertical vibration sensors (copilot/gunner site mounting) 
Pilot  event 
Lngineer event 

Photo 3.     50-Channel Oscillograph  Installed in Aircraft S/N 6715695. 
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USA S/N 6615247 

Flight test instrumentation was installed in the test helicopter 
prior to the start of this evaluation. This instrumentation pro- 
vided data from four sources:  pilot panel, copilot/engineer panel, 
pnotopanel and a 24-channel oscillograph. All instrumentation 
was calibrated. Some of the instrunentation was used for only 
a portion of the test program. The flight test instrumentation 
was installed and maintained by the Instrumentation Branch, Logistics 
Division, USA ASIA. The following test paraijieters were presented: 

Pilot Panel 

(Standard system) airspeed 
(Boom system) airspeed 
(Boom systemj  altitude 
Rate of climb 
Gas producer speed 
(Standard system)  torque pressure 
Exhaust gas  temperature 

^Longitudinal control position 
Lateral  control position 
Pedal  control position 
Collective control position 
CG normal acceleration 
Angle of sideslip 

Photo 4.     Pilot  Panel   for Aircraft  S/N  661S247. 
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Engineer Panel 

(Boom  system.)   altitude 
Outside  air  temperature 
Rotor speed 
Gas producer speed 
I-'uei used total 
Torque pressure (high.) 
Torque pressure (low) 
Exhaust gas temperature 
Oscillograph correlation counter 
Photopanel correlation counter 
Fuel temperature 
Engine fuel flow 

//' 

Photo 5. Engineer Panel for Aircraft S/K 661S247. 
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Photopanel 

(Boom system) airspeed 
(Standard system) airspeed 
(Boom system) altitude 
Rotor speed 
Gas producer speed 
Fuel used total 
Torque pressure (high) 
Torque pressure (low) 
Exhaust gas temperature 
Compressor inlet temperature 
Compressor inlet total pressure 
Inlet guide vane position 
Bleed band position (light) 
Fuel pressure at nozzle 
Time (10-second stopwatch) 
Oscillograph correlation counter 
Photopanel correlation counter 
Engineer event 
Pilot event 

Photo 6.  Photopanel Installed in Aircraft S/N 6615247. 
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Oscillograph 

Longitudinal control position 
Lateral control position 
Directional control position 
Collective control position 
Pitch attitude 
Roll attitude 

Yaw attitude 
Pitch rate 
Roll rate 
Yaw rate 
CG normal acceleration 
Angle of sideslip 
Angle of attack 
Tail rotor torque 
Main rutur flappiru; UIL'.K- 

Linear rutur spoed 

Photupanel correlation I l:j- 

Lngineer event 
Pi lot event 

Photo  7.     24-Channel Oscillograph  Installed  in  Aircraft   S/N 661S247. 
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APPENDIX VI. APPROVED HANDLING QUALITIES 
DEVIATION FROM MIL-H-8501A 

1.    The model specification states that MIL-H-8501A shall be used 
as a design guide for the stability and control characteristics 
for the AH-1G aircraft,  except for paragraph 3.6 "Instrument Flight Conditions". 

2.    The deviations from MIL-H-8501A are presented in the follow- 
ing statements: 

Contractor 
Deviation 

Number 

42 

Model Specification 
Paragraph Number 
(ref 13, app I) 

3.3.2.1 

Subject 

Cyclic Breakout Force 

Requirement:     Paragraphs  3.2.4,   3.2.7 and  3.5.]]  specifies that 
the cyclic breakout  force shall be not   less  than 0.5 pounds nor 
more than 1.5 pounds.    Also,  the breakout  force shall not be greater 
than the force produced by the trim force gradient  in the first 
inch of stick travel. 

gviati^e breakout force for tl,c piIot cyclic ,„,„ 
be 2.0 

Reason:    The design values of the aircraft cyclic breakout  force 
are such that:     (1)    to prevent stability augmentation system feed- 
back and    (2)     cyclic stick flop.    The aircraft handling quali- 
ties test conducted by ATA pilots have shown that the aircraft 
performed in accordance with MIL-H-8501 as defined in BHC Speci- 
fication 209-947-042,  Handling Qualities Demonstration. 

3.3.2.1 
Control Characteristir«; 

Requirement: Specification MIL-H-8501 shall be used as a design 
guide for the stability and control characteristics for this air- 
craft, except for paragraph 5.6 (Instrument Flight Conditions). 

Deviation: Those requirements of MIL-H-8501, paragraph 3.3 per- 
taining to control continuity shall not be applicable. 
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Reason: Aerodynamic discontinuities due to airflow pattern affect 
tail rotor thrust during some phases of sideward and rearward flight 
Increased tail rotor rigging to compensate for the distuitance 
results in over torque of the tail rotor drive system. 
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ACTlTUDE.     CROSSWtioHT    LOh) &. CG   ROTOR SPEfcD THRUST CO£f- <f 
HD~fT ~   LB ~ IVi. ~Rpt^ 
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FIGOKCNIO.SS 

D>R6.CT>OMA>- COKiTROL SOMM^BW 

AH-IG USA 4^*6152*1 
HV"«. SCOUT CONFIGURATION WITH ROCKeT POO ^A\R\UGS Ret*OVtb 

ALTVTUOe   GROSS WF-VGHT    LONGCG      ROTOR SPfeED     THRUST OOEff. 

-40 8Z45 IIS.UAfT) 31* 0.0043S5 
Noies 

I. lOT'OlReCTlOhlAL  CONTROL REMAINING   FROM HAEAN CONTROL. 
POSITION RtQoiReo DURIMG STABvuieo FLIGHT CONDITION 

2.YAW SCAS Off 

STOTAL DIRECTIONAL CONTROL DISPLACEMENT- 7. OT IN FROM FOU LEFT 
4.SHA0tDAREA  RtPREStNTS LESS THAN  lOT.OlRtCTVONAL CONTROL MARGIN 

6 POINTS DERlveO FROM        FIGURES lO© THROüq H   \ \4. , APP-^nX 
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FIGUKEKIO. qq 
DiR^cTioiAL CONTROL. SOWNWIR^ 

HVV   SCOOl   COH fl GO RAT ION WITH ROCK.ET POO FAVR.1NGS REMOVfcD 

ALTITUOE      GROSS WEIGHT      LONGC.G.   R©TOR.SPEfcD      THRUST COtFf 

5270 8O50 2oo7(ArO       324- 0.00 44nS 

NOTES' 

I.IOT»DIRECTIONAL CONTROL REMAINING FROM MEAN COWTROL POSVTIOW 
RLOOiRtDDURlMG 5T<kBVi-»EE0 TLIGHT CONOlTlOU 

2.YA\*i SCASOff 

3.TOTAL DlREiTTlONAL CONTR.OL Dl SPLACUMENT = 7.0T IN  TROW FüLL Lfcf T 

4 SHADED AREA REPRt5ENlS LfeSS WAN 1 Ol. Dl RECTION A L CONTROL MARGIN 

5. POINTS DERAVED FROM      FtCORMItBYMKHKiH 121   APP2II 
,?0- **?       ■>4.y       >S8L       0 »o        ao »o 40 
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AH-IG USAVw   <l S241 
HVI. SCOOT CON^»GüRATtCMWiTWROCKt.TPO0FAVR\N6SfttM0\/C0 

UtZo TZIO iq5.4(MiD) 3Z4- O.ooSO^'i 
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t lOT-DnecTioNAL CONTROL REGAINING FRor*/*£AN CONTRDU 
POSlTlOW ReaUtRED DURING SlABlt-lfceD f UGHT COtgoa>ON 
2.NAW SCAS Off 
3.-TOTAU. D»ReCTlOJÄL COKJTROL Üi^PL*\Ct»A£N^ = TOT IN. F»0n\ FWLL UEFT 
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FiOUKf. Mo. I OS 
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FIGURE NO. 126 

WWJlTVPtnMi WmK STAHUTT SWIftBY 
AH'-1G USA S/N 71569S 

CONFIG AVG 

G W 
"-LB 

AVG 

ALT 

AVG 

LONG 

c c 
■»-IN 

SCAS VMIN POKER 

(LEVEL FLT) 

.8VH 

(LEVEL FLT) (LEVEL FLT) 

DESCRlP AIRSPEED 
'■ CAS 

-d DESCRII» AIRSPEED 
•• CAS 

DESCRIP SIRSPEEÜ 
. CAS 

CLEAN 7660 5000 190.5 
(FWD) 

ON 
NA 
NA 

ÜEAD 
BEAT 63 

NA 

NA 

DEAD 

BEAT 
106 

NA 

NA 

UE.AD 

BEAT 
137 

OFF 
NA 

NA 

DEAD 

BEAT 

NA 

NA 

DEAD 

BEAT 

NA 

NA 

UEAU 

BEAT 

CLEAN 7540 4000 201 
(AFT) 

ON 
.26 

1.7 

HEAVILY 

DAMPED 
65 

NA 

NA 

UtAU 

BEA'I 
10S 

NA 

NA 
ÜtAÜ 

BEAT 142 

OFF 
.05 
.9 

HEAVILY 

DAMPED 

.09 

.3 
LiaO'LY 

ÜAMPLD 

.16 

1.4 

HEAVILY 

DAMI'LO 

HEAVY 

HOG 7740 4300 201 
(AFT) 

ON 
NA 
NA 

DEAL- 

BUT 62 

NA 

NA 
UhAU 

BtAT 105 

.20 

l.u5 
ritAVlLY 

JAKi'tl) 150 

OFF 
.os 
-.1 

UN0AMPF.1 
.02 
-.5 

UNÜAMI'LU 
.us 
. y 

HEAVILY 

DAMPED 

HEAVY 

HOG 

0  Cr 

yjtu 4400 200 
(AFT) 

UN 
NA 

NA 

DEAD 
HEAT 

oi 

NA 

NA BUI 
104 

NA 

NA 

DEAD 
HI.A] 

132 

OFF Nf- NF M NF 

.06 

.4 
Utlll'ILY 

DAMPLP 

HEAVY 

HOC 7730 i r.uoo 2U1 
(AFT) 

UN 
.06 

I.? 
.•(iAVlLf 
LAMPt^ jo 

'.A 

•«A 

[il.AH 

FIAT 

St. 

NA 

NA 
DEAD 

II LAI 

1U5 

Oil- NF NF M Nl 
NA 

NA 
UNDAMPF.l 

IIFJWY 

SCOUT 
O.SIO 4500 200 

(AFT) 
UN NF NF              NF 

!;I..M- 

N\    i  M.M 
IU4 

NA 

NA 

DEAD 

HI.AT 
140 

CONFIG AVG 

G.W. 
LB 

AVG 

ALT 
.,DFT 

AVG 

LONG 
CG. 

IN. 

SCAS NLIMIT 
< D1 \ I ) 

VHAX 
IR/'.l 

SllN 
.     (K/JU 

■4 DESCRIP •viRsri.m 
c-\s 

- 4 DI M >•! P MKSPLI.I' 

(AS 
■t DLSCHIP AlKSl'LEll 

CAS 

CLEAN 7660 5000 190 
(FWD) 

ON 
NA 

NA 
DfcAI) 
RE AT 

ISO 

KA 
NA K-.W 

60 

NA 
NA 

DEAD 
ItEA'I ;; 

OFF 
NA 

NA 
DEAD 
HEAT 

«A 
NA •-:-AT 

NA 
NA 

DEAD 
BEAI 

CLEAN 7540 4000 201 
(AFT) 

ON 
.149 
l.S 

HEAVILY 

DAMPED iso 

NA 

NA 
DLM) 

BUT 
65 

NA 
NA 

DEAD 
HI.AT 

"0 

OFF 
.10 
.6 

HEAV I l.i 

DAMPED 
.09 LIi'WTP' 

DAMPED 

. 10 

.6 

HEA\ II Y 

DAMPED 

HEAVY 

HOG 7740 4300 201 
(AFT) 

ON • 
NA 
NA 

DEAD 
BEAT 

170 

NA 
NA 

DEAD 
BF,A7 

68 
NA 

DEAD 
BEAT 

60 

OFF 
.13 
. 1 

LIGHTLY 
DAMPED 

.09 
. 3 

LiaiTLY 
DAMPED 

NA 
NA 

DEAD 
BEAT 

HEAVY 

HOG 9340 4400 200 
(AFT) 

ON NF NF 
NF 

NA 
NA 

DEMI 
BEAT 

62 
NF NT 

NT 

OFF NF NF 
.15 

. 5 
LIGHTLY 
DAMPED 

NF NF 

0  O 
HEAVY 
SCOUT 

9310 4500 200 
(AFT) 

ON 
NA 

NA 
DEAD 
BEAT 

170 
NA 
NA 

DEAD 
BEAT 

60 Nl NF NF 

NOTE:   ALL APPLICABLE NOTES ARE PRESENTED ON  FIGURE  150. 
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R6URE NO. 127 

AFT LONGITUDINAL PULSE SCAS ON 
AH-ie U«AU67l9«f5 

CLEAN C0NFI9UIIATI0N 
AIRSKCO      ALTITUOCtHri     «MOM WEMHT LON&C«. ROTOK SKCO 
65~KCAS        400q~FT r940~Lft 80UAFT)~IM.        3t4~HMI 

5^1 r v 

nzcoNomoN 
LEVEL FLl 

*30 

20 

Ul  5 

CO 

< u m 

to 

SsoJ 
AFT 

-•IOI 
FWD 

•0 

40 

to 
-i 

tt 
to 
40 

•0 

RT 
10 

5   0 
-,io: 

LT 

*^« 30 
o 
s  »■ 
o 
M        10 m • 
Ä»   0 

,-c. 

"•a 
K    ia • 
o     20 

<     SO- 
H 
_l i 

RT 
10 

fi'J 
<      10 

LT 

YAW 

■H'-""* -f "-— t- 

ROLU 

=1- - -" ■ 

SEE APPENDIX S FOR EQUIVALENT SCAS WSPLACCMENT IN INCHES 

-LONG. 

-LAT.     i 

i 

8 s* 
C o 

■ • 

M   4 

t 

I 

So 

4- 

• 5 3+ M  O 

S -2 «  2 

<5 

-J o 

-DIR 

~7 JO. •LAT 

_.4"i-U-k!i 
3 4 

TIME-SECONDS 
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AIRSPCEO 
It0~-KCA3 

< a 
y "10 
O   M 
Z   »10 
< a 

FIGURE NO. 128 
AFT LONGITUDINAL PULSE SCAS ON 

AH-16 U SA* 67196 W 
CLEAN CONFiaURATION 

ALTITUDE (►*)      «ROSSWEMHT L0N6.C6. 
4000~FT 7540—La ZOIUFTt-IN 

ROTOR SPEED 
S24^RPM 

FIXCONOmON 
DIVE 

so- 

P   ■'10- 
to- 

«30- 
o 

Ü 

«•oH 

40 

20H«i 

0 

20- 

40 

•0 

i 

B40 

SO 

to 
10 

Svioj 

30 

^40 

-YAW 
ROLL 

V PITCH 

-PITCH 

SEE APPEND»* B FOR EOUIVALEMT »CAS DISPLACEMENT M INCHES 

.- LAT. 

LONG 

si* <   5 
K 
M   4. 

J  3 

0 0- 

81 

4 
« z 3 
w o 

«5 

./: 
LAT. 

jzf- 
DIK. 

"A. 
LONG 

T—r t-i-4 
TIME-SECONDS 

212 

m.-. ^Vn^i.'tii>;..»; »,,.■-■•„ .vn,..'- 
.i;.^.i;.^. ■-..i..,J...wt..f..^.iM-a.i-ai., -'--■'■""-"■^  ■.i-.>.-.«....-J.l a^jjM^™^! 



pn^fpUVWx * wvTrrXFXZT^Zrvfww&Krm 

FIGURE NO. 129 
AFT LONGITUDINAL PULSE SCAS ON 

AH-IGUSAlti 6719695 
»....». CLEAN CONFIGURATION 
M~Kc"      AL™MEl?      *R??I0

WEr!rT       .ÄSÜM* "OTOH SPEED     HI.CONDITION wa    KCAS 400q~FT 7940~La 20I(AFT)— IN. 324~RPM        CLIMB 
•i   y-a * a. U 520-| 

< 

3 «10 
(9 * 
Z >20-l 

1.8 

u. « 

o 
-I       o-» 

3 

a. 
"BO- 

teo 

20-- 40 

TI0- 20- 
u 
t 0 
^.0 Ü0 

20 
20 

40- 

o d«o 

K40 
30 

20 

w » 
* 4 
O V 
Ui a 

0 

10 
20^ 

SO 
^40 

-PITCH 
/T YAW 

/ 

^ROLL 

ae 

au- ac 
•0 

20 
40- 

10^ 20 

0 

10 
c 

20 

to 

30- 

40- 

... 

O 

AFT 

•,0: 
S w 
-•10 
FWD 

RT 
.'0 

5   0 
-'io: 

LT 

RT 
10 

<      10 
LT 

SEE  A»PCNMX Ä FOR EQUIVALENT SCAS DtSPLACEMENT IN INCHES 

LONG .-7.     X"0* ' 

'^LAT. 

o 

i 
o u 

< s 

7- 

o 
e» 
?4 
o 
-•sH 

2 
I 
0 i 

9 
74 

-l 

M 4 

5s 
2- 

I 

5© 

m z j- 
w o 
x P 
5 M   * 

x-LAT. 

— 1__ 
-! U 

.r-v. -LON«. 

.       ,      .       , 

TIMC-SECONDS 
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AIRSPEED 
70-KCAS 

t S'«- 
^•0 
'"'   o 
W    «10 
(9   * 
Z   >20 
<t   O 

a. 

20 

u 
t 0 
•-.o- 

20 

a 

FIGURE NO. 130 
AFT LONGITUDINAL PULSE SCAS ON 

AH-16 USA%ti6715695 
CLEAN CONFIGURATION 

ALTITUOEIH.)      «ROSS WEWMT        „W"«^«- "OTOR SPEED 
4000~_FT 7540~La 20I(AFT)~!N. 324~RPM 

ni. CONDITION 
AUTOROTATION 

Mi a 

B«0 

40 

20- 

t° 
20 

40- 

HiO 

«40 

30 

20- 

*      ,0 

w »   0 c « " 
S>io1 
?     20- 

90 

►;40 

-PITCH 

''-ROLl 

/f 

-YAW 

L30 

20 

t-   "  0 
<   E 
K     IM 

IsJ 
AFT 

(0 
< o 
in 

J0: 
-»10 

•0 

40-) 

20 

i 01 
K 

20 

401 

•0 

RT 

I0 

rm 
IO 
UT 

RT 

I OH 

<       101 

x-R0Lt 

SEE APPENO.X BFOR EOUIWALEHT SCAS O.SPLACE«NT M IHCHCS 

0,R^ L0N0.I 

-LAT 

; 

LT 

Ik 

Z       7 

o ^ 
!«• 
OT 5 
OPS a. E 

i 
5 
O u 

i 4 o 
-'s 

2 
I 
0 

7 

-i 
* »H c 
w 4 
K 

2 

H 

9 

44 
S 0(R. 

-LAT 

 ^  

•* a Si w o 

« o  2- 0'. -LOM. 

>— 

r-i—i—f 
TIME-^CONDS 
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RGURE NO. 131 
AFT LONGITUDINAL PULSE SCAS ON 

AH-I« U8A%ffriMtB _ 
HEAVY HOG CONFIGURATION WITH ROCKET POO FAÄNGS REMOVED 

AIRSPEED 
IOS~KCAS 

ALTITUOCUM 
4300~FT 

5 ?0 

IS 

u 
to. • 

1.0- 

OIOMVCICNT 
7740~H 

LOMiCa 
20I(AFT)~IN. 

NOTORSfCCD 
S24~RPM 

flXCONOmON 
LEVEL FLT. 

3 ^ i.o-j 
30- 

to- 40 

Ui T'O- 20 

3 u 
t 0 
•■IO^ f 

20- 
H < to 

40 
BSOH s 1 S^ 

«40" 
30 

to 
•»     |0- 

« < 
10 
20- 

H40 

PITCH 
ma 

YAW 

•.so. H' 
3 •0 

20 
40- 

10- to 
Ul X 

g   0 
c 

-J 

to 

40 
20 •H 

FWD 

CO   J0- 
< ; o 
CO    -»10 

AFT 

t- 

is* 
(A   a 

a. £ 

^ 
14 
o 
■' 3H 

C o 

RT 
.10 

10 

LT 

7- 

RT 
10 

<   0   2K  o 

<      10 

M 4 

23 

tio 

LT 

£   9 

4- 

•> z  3 
HI   O 

S «  2 

J o 

SEE APPEMWX JL FOR EOWVALEMT SCAS DISPLACEMENT IN INCHES 

-^ 

MR. 7 
-LAT. .-£ LOM. 

r- 

-LAT 
DIR. 

/:' 
-LONt. 

TIME-SECONDS 
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FIGURE NO. 132 
AFT LONGITUDINAL PULSE SCAS ON 

AH-ie USAliiffriNtB 
HEAVY HOO CONnGUMTION WITH ROCKET POO FAWM6S REMOVED 

AIRSPEED     ALTITUDC(IM     «ROM WEMHT LOM.C«. ROTOR »CED     PIZCONOITMIIi 
lOS-KCAS        ISOO^-FT 7T80~Li. 20lUFT)~IN.        524~RMI 

o't « 5»i 

"    Sio 

W^IO 

5 itoJ-J 

K     I. ft 
O 

«Ml 
8!'i 

•JIa x   -I 

V 
£•0- 

to- 40- 

Iti 
o 
t- 

x'O" 
u 
t o 

to- 

20- h- 
< «0- 

40- 
»SO- s ►joo- 

LEVEL PLT. 

•.Mi w 
K 

3 "•0 
to 

40- 

10- to 
lil X 

Si o 
c R

O
L

L
 

to 
« aH o 
4FT 

«30- 
o 

• » n r-*^ ̂ -. 

8   ,o 

5 

p-s^— i 

i 

1 
i 

RT RT 

»*,oi H-,01   •,0: 

2 8* 5 0 «a0 
« -"IO-I 104 <    l0 

FWO LT            LT FWO 

5 

£: 
Q.   & 

8! 

SEE APPENDIX H FOR EQUIVALEMT 8CA8 0I8PLACEMEHT IN INCHES 
-LÄT. 

TIME-^CONDS 
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RGURE NO. 133 
FWO LONGITUDINAL PULSE SCAS OFF 

AH-IG USA % «715695 
HEAVY H06 CONFIGURATION WITH ROCKET POD FAIRINGS REMOVED 

AIRSPEED 
I05~-KCAS 

ALTITUDEdM 
IMOO—FT 

•ROSS WEIGHT 
7740~La 

LON6.C.6. 
20I(AFT)~IN. 

ROTOR SPEED 
324-RPM 

o 5«h 

t Sio-l 
< a 
ftdSo 

-ggio 

5M0J-J     0Jg 3 

u 5.« tfs 

FIT. CONDITION 
LEVEL FLT. 

a S.oH :V 
to- 40- 

0 
3 
H 

xio- 
u 

■"IO- 

to- 

20- 
< to- 

40- 
Bao- 
0 

►joa 

«401 
BO- 
to 

•C   <   0 

S'-io 

*   ä ao- 
K;40 

|  _jj^ 
f 

X 
-PITCH 

-YAW 

/ 

«30- I 

to 

I0- 

*   0 
2 

IO- 
i~ ~~^v^ 

 . 

to- 

an ! 
i 

SEE APPENDIX JL FOR EQUIVALENT SCAS DISPLACEMENT IN INCHES 
I ! I 

■<--X 

-LAT! 

4--^- 

S 4 S 

TIME-SECONDS 

-LOW. 

10 

_ J" 
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Ll33 
USE SCAS OFF 
KET POO FAJRINGS REMOVED 
iHC.«. ROTOR SPEED     FIX CONDITION 
|FT>~IN. 324^RPM        LEVEL FLT. 

-ft 

I0LL 

ITCH 

-YAW 

IQUVALENT SCAS DISPLACEMENT IN INCHES 

'V 
/-DIR 

V- 

/ 

^LONO. 

1             1 1              1 1 \             \ 1             1 0            I 1             1 t            1 t            1 •            1 S            1 S           1 T           1 1     j MM 

IND8 
217 
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FIGURE NO. lili 
UTERAL DYNAMIC STABIL 111'  SimMO 

AH-IG USA S/N 715Wi 
LEFT AND RIGHT CONTROL  PULSES 

CCWflG AVG 

GW 
-LB 

AVG 

ALT 

AVG 

LONG 
C C 

.  IN 

SCAS 
^MIN  POKER 

[LEVEL  FIT) 
•8VH 

(LEVEL  FLTI 

VH 
(LEVEL   Fl.T) 

"* 
t 

DESCRIP AIRSPEED 
. CAS 

-« DESCRIP AIRSPEED 
CAS 

-i DESCRIP AlRSrai) 
CAS 

CLEAN 73ÜÜ ■11U0 201 
(AFT) 

ON 
.15 
1.3 

HEAVILY 
DAMPED 

65 

.57 
1.8 

HEAVILY 
DAMPED 

106 

NA 
NA 

DEAD 
hEAl 

14. 

OFF 
.14 
.8 

HEAVILY 
DAMPED 

.19 

.6 
HEAVILY 
DAMPED 

.25 
. 1 

LIGHTLY 
DAMPED 

HEAVY 
HOG 

Ö 

762Ü 370Ü 201 
(AFT) 

ON 
NA 
NA 

DEAD 
BEAT 

OU 
1.1 

HEAVILY 
DAMPED 

106 

NA 
NA 

DEAD 
BEAT 

150 

OFF 
.29 
.6 

HEAVILY 
DAMPED .1 

LIGHTLY 
DAMPED 

.21 
. 1 

1IGHTLV 
DAMPED 

HEAVY 

HOC 

0 
8}t>0 4500 195 

(MID) 

ON 
.03 
.9 

HEAVILY 
DAMPED 

60 

.06 
1.3 

HEAVILY 
DAMPED 104 

NA 
DEAD 
BEAT 

15F 

OFF 
.17 
.1 

LIGHTLY 
DAMPED 

. 24 

.1 
L1GHTLI 
DAMPED 

. 27 

.1 
LIGHTLY 
DAMPED 

HEAVY 
HOG 8680 3b0ü 195 

(MID) 

ON 
.17 
1.3 

HEAVILY 
DAMPED 

62 

.36 
1.6 

HEAVILY 
DAMPED 

103 

NA 
NA 

. 1 

DEAD 
BEAT 

136 

OFF 
.23 
.3 

LIGHTLY 
DAMPED 

.24 

.1 
LIGHTLY 
DAMPED 

I IGim Y 
DAMPI D 

HE.\VY 

HOG 9.'70 ■150Ü 200 
(AFT) 

ON NF NF 
NF 

.20 
1.2 

HEAVILY 
DAMPED 104 

SA 
DEAD 
KI.AI 

132 

OFF NF Nl Nl Nl . 1 
1 IGIIT1.Y 
DAMPl.I 

HEAVY 

HOG 

0 
7690 15060 201 

(AFT) 

ON 
.07 
.9 

HEAVILY 
DAMPED 

55 

NA 
NA 

DUD 
HEM 

hi. 

NA 
NA 

DEAD 
BEAT 

102 

OFF NF NF NF M 
. 1 

L IGHTLV 
DAMPED 

HEAVY 
scorn- 

9000 5000 200 
(AFT) 

ON SF SF NF 
NA 
NA 

DEAD 
BEAT 

103 
.30 
1.5 

HEAVILY 
DAMPED 

140 

CONFIC AVG 

GW 

LB 

AVG 

ALT 
HD-.R 

AVG 

LONG 
CG 
-   IN. 

SCAS VLIMIT 
(DIVE) 

VMAX 
(R/Ci 

VMIN 

(R/DJ 

-4 DESCRIP AIRSPEED 
CAS 

<•* DESCRIP AIRSPEED 
CAS * 

DESCRIP AIRSPEED 
CAS 

CLEAN 7300 4100 201 
(AFT) 

ON 
.44 

1.5 
HEAVILY 
DAMPED 

180 

.20 
1.3 

HE/WILY 
DAMPED 

65 
NF NF 

NF 

OFF 
.29 
.1 

LiafTLY 
DAMPED 

.26 

.1 
LIGHTLY 
DAMPED 

NF NF 

HEAVY 

HOG 7620 3700 201 
(AFT) 

ON 
NA 

NA 

DEAD 
BEU 

170 
NF NF 

NF 
NF NF 

NF 

OFF 
.27 

0 
NfirTRAL 
DAMPED 

NF NF NF NF 

HEAVY 

HOG 

Ö 

8360 4500 195 
(MID) 

ON 
NA 
NA 

DEAD 
BEAT 

170 

.27 
1.4 

HEAVILY 
DAMPED 

60 

NA 

NA 

DEAD 
BEAT 

68 

OFF 
.16 
.2 

LIOITLY 
DAMPED 

.25 

.1 
LIGHTLY 
DAMPED 

.12 

.6 

HEAVILY 
DAMPED 

HEAVY 

HOG 8680 3600 195 
(MID) 

ON 
.14 
1.2 

HEAVILY 
DAMPED 

180 

.27 
1.4 

HEAVILY 
DAMPED 

64 

.07 
1.1 

HEAVILY 
DAMPED 

74 

OFF 
.22 
.1 

LIGHTLY 
DAMPED 

.24 

0 
NEUTRAL 
DAMPED 

NF NF 

HEAVY 
HOG 9270 4300 200 

(AIT) 
ON 

.16 
1.2 

HEAVILY 
DAMPED 

170 NF NF NF NF NF NF 

NOTE!     ALL APPLICABLE NOTES ARE PRESENTED ON  FIGUK  150. 

218 

teaMiiMfliittMfo^maW.iii^ -i ,.|t.ifa|^...*.y.*..>^.k^-..-...^~^v..*^^ 



11 

H, . 
l^ii^ppj^)B^^'^i|giyW^T^JW/w»w?'«^i^^^w^^»i«!^ 

Vffl 

Xi 

\_J 
FIGURE NO. 136 

RIGHT LATERAL PULSE SCAS ON 
AH-IGUSA!h67l5698 

CLEAN C0NFI8URATI0N 
AIRtPEEO     ALTITUDCtHn)     MOM WCNNT LOM&Cf. ROTM 
65~KCAS 4IO0rFT 7300~Li. ZOKAFT^IIi.        524- 

<n • 
u. w o 
0 ? 

^L -0 

wicowomow 
CLIMB 

30- 
to- 

<   «o- 

■•0 

40 
10 

J 

40j« 

IM- 
•0- 

to- 4a 
10- to 

IU * 0 u ^0 
< ). K 
K £io- 

10 

to 
40- 

■ .40- 
SioJ 5    1 

«E ATKNOIX BFM COMMUNT KAS MVLACCMCNT M 

^tf 

T- 

^T •- 
p J* ii 
« 5 m 

t 

8.» i- u!j 5 o-l 

H 

-LAT. 

K MR. 

^r LOM. 

TIME^SECONOS 
2tf 

tilwltl*'Kllrt\tlW"i,ll*Mt?i>nt<sfti; 

.    ^ 
.i,^.»v,.i-kL>f.Wa^ii'ita,-^'ihiinWii,fciil«irimaiiiiiir.r.il]tffajMii^^miai<ifil»aA 'i   iflifTiiimii 



g(lgp^^^^f^^^^Tw^^1^^^^'TT^f^^^^"' w*- FTI"{" - ™nm ■^unp'jfTy^ff1 ■^i»<ff*l''M^'t^^^rA'^,^mgHffi'^iii^^itJjMMWg*^i^lw!^l 

<u >r. 

FIGURE NO. 136 
RIGHT LATERAL PULSE SCAS ON 

AH-IQUSA%67I9695 
HEAVY HOG CONFieUMTION WITH ROCKET POO FAMMGS REMOVED 

AIRSPCED      ALTITUDCOto)      «ROSS WEMHT LONSiCS. ROTOR SKED     FU. CONDITION 
•0~w5S        4500~FT 8SSO~Lil l»S(yiOJ~IN.        324~RI»M        LEVEL FLT 
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FIGURE NO. 137 
RIGHT LATERAL PULSE SCAS ON 

AH-IGUSAHI67I56M 
HEAVY HOG CONFKMUTKW WITH ROCKET POO FAMNQS REMOVED 

ALTITUOE(M)      «ROSS WEMHT LOMCC«. ROTOR WEED     PIT. CONDITION 
3700~FT T»20~Lft 20I(AFTV-IN.       3t4~RNI        LEVEL PLT. 
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FIGURE NO. 138 
RIGHT LATERAL PULSE SCAS ON 

AH-IGUSA%67I9695 
HVY. SCOUT CONPI«URATION WITH ROCKET POO FAMMOS REMOVED 
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FIGURE NO. 139 
RIGHT LATERAL PULSE SCAS ON 

AH-IGUSA*I67I5695 
HEAVY HOC CONFIGURATION WITH ROCKET POO FAMMGS REMOVED 
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FIGURE NO. 140 
RIGHT LATERAL PULSE SCAS ON 

AH-IGUSA *I67I5695 
HEAVY HO« CONFIGURATION WITH ROCKET POO FAIRMGS REMOVED 

AIRSKCD      ALTITUDE(Hrt      «ROSS WEWHT L0N6.C.6. ROTOR SPEED     FIT.CONDITION 
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FIGURE NO. 141 
RIGHT LATERAL PULSE SCAS OFF 

AH-IGUSA*I67I5695 
HEAVY HOG CONFKÄJRÄTION WITH ROCKET POO FAIRINGS REMOVED 
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FIGURE NO. 1U2 
ülRfg-IONAl, UYNAMK  STftBiyn  SU^RY 

AH-1G USA S/N 715695 
LEFF 5 RIGHT CONTROL PULSES 

CONFIG AVG 
GW 
'•LB 

AVG 
ALT 

AVG 
LONG 

CG 

■•-   IN 

SCAS \Mmv .8 V 
(Lt^EL  FLl) 

VH                                      1 
(EEVEL FLT)          1 

'-4 
C 

0ESCR1P AIRSPEEl 
-CAS 

DESCRIP AIRSPEED 

--CAS 

Uli 

c 
DESCRIP AIRSPEED! 

'  CAS       1 

CLEAN 72 U 42UÜ 201 
(AFT ) 

ON 
.13 
1.0 

HEAVILY 
DAMPED 

6S 

NA 
NA 

DEAD 

BEAT 107 

.29 

.6 
HEAVILY 
DAMPED 

138 

OF! 
. 22 
.5 

HEAVILY 
DAMPEl 

T7 LIGHTLY 
DAMPED 

.27 
0 

NEU'i RAL 
DAMPED 

HEAVY 

HOG 

0 
7-190 50OÜ 201 

(AM) 

ON 
.15 
.0 

HEAVILY 

LAKP..U 
60 

.10 

.9 
HEAVILY 
DAMPED 

105 
NF NF 

NF 

OFF 
.19 
.2 

LIGHTLY 
-AMPSU 

.24 

.1 
LIGHTLY 
DAMPED 

NF NT 

HEAVY 

HOG 

O 0 

9180 4600 200 
(AFT) 

ON 
NA 
SA 

DEAD 
BEAT 60 

.23 

.7 
HEAVIIY 
DAMPEl) 

104 

.26 HEAVILY 
DAMPED 

13b 

OFF M- Nl 
.22 

.6 
NF 

.25 

.1 

LIGHTLY 

DAMPED 

HEAVY 

HOG 7b20 15400 201 
(AFT) 

ON 
. 11 
.'J 

HEAVILY 
DAMPED 

55 

.12 

1.1 

HEAVILY 

DAMPED 
88 

.36 
1.3 

HEAVIIY 
DAMPED' 

103 

OFF NT NF Nl Nl 
.25 

.1 
I.IGHTIY 
DAMPED 

CONFIG1 AVG 

GW 
LB 

AV( 

ALT 
HbFT 

AVC 

LONG 
CGMN 

SCAS 
S.IMIT 

(DIVE) 

VMAX 
(R/C) 

VMIN 

i.R/D)                    I 

c 
DESCRIP AIRSPEED 

'   CVS 
■-i 

r, . 
DESCRIP AIRSPEED 

CAS 
<** DESCRIP AlRSPEIDl 

■  CAS 

CLEAN 7210 4200 201 
(AFT) 

ON 
.21 HDWILY 

DAMPEl 
ISO 

.31 

.6 

HEAVILY 

DAMPED 64 

NA 
NA 

DEAD 
BEAD 

75 

OFt 
0 

NEUTR/M. 

DAMPEl 

.21 
- . 3 

UNDAMPED 
.09 
1.1 

HEAVILY 
DAMPED 

HEAVY 

HOG 

o 
7490 5000 201 

(AFT) 

ON 
NA 
NA 

DEAD 
BEAT 

170 

NA 
NA 

DEAD 
BEAT 

60 

.10 

.6 

HEAVILY 

DAKPEl 68 

OFF 
0 

NEUTRAL 
DAMPED 

.24 

.1 
LIGHTLY 

DAMPED 

.12 

. 3 
LIGHTLY 
DAMPED 

HEAVY 

HOG 

0  0 
9180 4600 200 

(AFT) 

ON 
.28 
.5 

HEAVILY 

DAMPED 
170 

NF NF 
NF 

NF NF 
NF 

OFF 
.21 

!0 

NEUTfcVL 

D.WIPED 
NF NF NF NF 

NOTE:     ALL APPLICABLE NOTES  ARE PRESENTED ON FIGURE   150. 
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FIGURE NO. 143 
RIGHT DIRECTIONAL PULSE SCAS ON 

AH-IGUSA*I67I5695 
HEAVY HOO CONFKJURÄTIOH WITH ROCKET POO FAIRMQS REMOVED 
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FIGURE NO. 144 
RIGHT DIRECTIONAL PULSE SCAS ON 

AH-IGUSA*I67I5695 
HEAVY HOG CONFIGURATION WITH ROCKET POO FAIRINGS REMOVED 
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I3S~-KCAS 

FIGURE NO. 145 
LEFT DIRECTIONAL PULSE SCAS ON 

AH-IGUSAtti67l5695 
HEAVY H06 CONFIGURATION WITH ROCKET POO FAIRMGS REMOVED 

ALTITUDE(tto)      «ROSSWEWHT LONCC«. ROTOR SPEED     FIT. CONDITION 
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FIGURE NO. 146 
LEFT DIRECTIONAL PULSE SCAS ON 

AH-IGUSA%67I5695 
HEAVY HOC CONFIGURATION WITH ROCKET POO FAIRINGS REMOVED 
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FIGURE NO. 147 
LEFT DIRECTIONAL PULSE SCAS ON 

AH-IGUSA%67I5695 
HEAVY HOG CONFtGUMTlON WITH ROCKET POO FAIRMGS REMOVED 

ALTITUDE(Hrt     «ROSS WEMNT LONSLCC ROTOR SPEED     FIT. CONDITION 
5000—FT 7490—LlL 20l(AFT)~lN.        324 ^«PM      AUTOROTATKM 
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FIGURE NO. 148 
RIGHT DIRECTIONAL PULSE SCAS ON 

AH-ie USA *I67I56»5 
CLEAN CONPISURATION 
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FIGURE NO. 149 
RIGHT DIRECTIONAL PULSE SCAS OFF 

AH-IG USA *t67l56OT 
CLEAN CONFIGURATION 

ALTITUDE(H»)      6R0S3 WEMHT LONCC«. ROTOR SPEED 
4200~FT 7210—L» ZOUAFTKIN. S24-RWI 
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t> DENOTES WiriKHT ROCKETS 
OO DENOTES WITH ROCKETS. 
■i.  IS THE DAMPED NA1TRAI. PREOCENCV IN CTCLES PER SECOCT). 
'.  DAMP I NO. RATIO. 
DESCRIPTION DENOTES DEGREE OF DAMPING  BASED ON THE FOLLOWING DEFINITIONS. 
a. DEAD BEAT     (r.-   1.8) 
b. HEAVILY DAMPED (;- .5 to 1.8) 
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"N A " DENOTES THAT *,   and ; ARE NOT AVAILABLE. 
"NF" DENOTES THAT THE CONDITION WAS NOT FLOWN. 

8.  ALL ABOVE NOTES ARE APPLICABLE FOR FIGURE 126, :.3U, AND 1U2. 
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FIGURE NO. 153 
RIGHT LATERAL PULSE SCAS OFF 

AH-IG USA ^6615247 
CLEAN CONFIGURATION WITH LANDING GEAR CROSS TUBE FAIRINGS REMOVED 
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.153 
LSE SCAS OFF 

247 
CROSS TUBE FAIRINGS REMOVED 

C6. ROTOR SPEED     FIX CONDITION 
T)~IN.       324~RPM        LEVEL FLT. 
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FIGURE NO. 154 
LEFT DIRECTIONAL PULSE SCASOFF 

AH-16 USA ^»6615247 
CUAN CONFIGURATION WITH LAN0M6 GEAR CROSS TUBE FAIRINGS REMOVED 
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FIGURE NO. 280 
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FIGURE NO. 281 
FWQ LONGITUDINAL STEP SCAS ON 
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CLEAN COHFWURATION 
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FIGURE NO. 282 
RIGHT LATERAL STEP SCAS ON 

AH-IGUSA%67I5695 
HEAVY HOG CONnOURATtON WITH ROCKET POO FAIRINGS REMOVED 
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FIGURE NO. 283 
LEFT LATERAL STEPSCAS ON 

AH-IGUSA%67I5695 
HEAVY HOG CONFIOURÄTION WITH ROCKET POO FAIRINGS REMOVED 
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FIGURE NO. 284 
RIGHT DIRECTIONAL STEP SCAS ON 

AH-IGUSAfti67l5695 
HEAVY HOG CONFIGURATION WITH ROCKET POO FAMMGS REMOVED 
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APPENDIX VIII. TIST CONDITIONS 

Table 1.    Static TrU Stability. 

Rotor speed * 324 rp* 

Configuration 
Flight 

Condition 

Gross 
Weight 

(lb) 

Density 
Altitude 

(ft) 

Longitudinal 
Center of Gravity 

(in.) 

Clean1 
Level Flight 

and 
Dive 

8665 3080 199.8  (aft) 

Clean 

Level Flight 
and 
Dive 

8450 
8470 
8420 

4540 
4980 

14100 

200.8 (aft) 
191.4   (fwd) 
200.9 (aft) 

Climb 8170 
8240 

5470 
5000 

201.1 (aft) 
191.2 (fwd) 

Auto- 
rotation 

8170 
8290 

4950 
5000 

201.1 (aft) 
191.2 (fwd) 

Outboard 
Alternate2 

Level Flight 
and 
Dive 

8500 
9430 
8410 

3720 
6480 

13800 

200.8 (aft) 
200.0  (aft) 
200.9 (aft) 

Heavy scout2 
Level  Flight 

and 
Dive 

8370 
9555 

4040 
3500 

201.0   (aft) 
200.0  (aft) 

Heavy hog2 

Level  Flight 
and 
Dive 

S530 
9580 
8620 
8600 

5360 
4440 
4960 

14760 

200.8   (aft) 
200.0   (aft) 
15!.8  (fwd) 
200.7   (aft) 

Climb 

9320 
8280 
8350 

5470 
6000 
5650 

200.2   (aft) 
201.0  (aft) 
191.2   (fwd) 

Auto- 
rotation 

9290 
8310 
8540 

4950 
5920 
5770 

200.1   (aft) 
201.0   (aft) 
191.5   ffwdl 

landing gear cross-tube fairings removed, 
2Rocket pod fairings remove'' 
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Table 2.    Static Longitudinal Collective Fixed Stability. 

Rotor speed - 324 rpm 

Configuration 
Gross 
Weight 
(lb) 

Density 
Altitude 

(ft) 

Longitudinal 
Center of Gravity 

(in.) 

Trim 
Airspeeds 

Clean1 8490 4630 199.7 (aft) 0.8VH, VH. VL 

Clean 8460 5310 200.8 (aft) V for min R/D 

V for R/C 

V for min pwr 
rq'd 

0.8VH,VH and V, 

Clean 8100 6750 191.0 (fwd) 

Heavy hog2 8100 5730 201.1 (aft) 

Heavy hog2 8220 5940 191.1 (fwd) 

Outboard 
Alternate2 8190 4970 201.0 (aft) V for min pwr 

rq'd 

0.8VH,VH, and VL Heavy scout2 8015 5320 201.0 (aft) 

Outbpard 
Alternate2 

9010 5730 200.4 (aft) 

Heavy scout2 9240 5320 200.2 (aft) 

Heavy hog2 9140 5310 200.3 (aft) 

Clean 8150 15420 201.1 (aft) V for min pwr 
rq'd 

VH 

VL 

Outboard 
Alternate2 

8180 14650 201.7 (aft) 

Heavy hog2 8570 14640 200.7 (aft) 

landing gear cross-tube fairings removed. 
2Rocket pod fairings removed. 
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Table 3. Static Lateral-Directional Stability. 

Rotor speed = 324 rpm 

Configuration 
Gross 
Weight 
(lb) 

Density 
Altitude 

(ft) 

Longitudinal 
Center of Gravity 

(in.) 

Trim 
Airspeeds 

Clean1 8770 3700 200.6 (aft) 0,8VH,VH.VL 

Clean 8290 5400 199.2 (aft) V for min R/L 

V for min R/D 

V for min pwr 
rq'd 

0.8VH 

Vu  and V, 
n     L 

Outboard 
Alternate2 8680 6080 200.7 (aft) 

Heavy scout2 8330 6750 201.0 (aft) 

Heavy hog2 8310 6080 200.9 (aft) 

Heavy hog2 8080 6070 191.1 (fwd) 

Heavy hog2 9465 5170 200.0 (aft) 

Heavy hog2 7745 4730 201.3 (aft) 

Heavy hog2 8510 14640 200.8 (aft) 
V for min pwr 
rq'd 
VH and VL 

landing gear cross-tube fairings removed, 
2Rocket pod fairings removed. 
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Table 4. Long] itudinal Dynamic Stability. 

Control Inputs Forward and Aft 

Rotor speed » 324 rpn 

1 Configuration 

Average 
Gross 
Weight 
(lb) 

Average 
Density 

Altitude 
(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Stability 
and 

Control 
Augmentation 

System 

Trim 
Airspeeds 

Clean 7660 5000 190.5 (fwd) ON and OFF 
V for min 
pwr rq'd 

Clean 7540 4000 201  (aft) ON and OFF 

V for max 
R/C 
V for min 
R/D 

0.8VH, VH 
and VL 

Heavy hog1 7740 4300 201  (aft) ON and OFF 

Heavy hog1 

Heavy scout1 

9340 

9310 

4400 

4500 

200  (aft) 

200  (aft) 

ON 

V for min 
pwr rq'd 
0.8 VH,VH.V 
for max A/C 

OFF VH, V for 
max R/C 

ON 

V for max 
R/C 

O.SVH.VH, 

VL 

Heavy hog1 7730 15000 201  (aft) ON and OFF 
V for max 
R/L 
0.8VH,VH   | 

docket pod fairings removed. 
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Table 5. Lateral Dynanic Stability. 

Inputs Right and Left 

Rotor speed = 324 rpm 

Configuration 
Average 
Gross 
Weight 
(lb) 

Average 
Density 

Altitude 
(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Stability 
and 

Control 
Augmentation 
System 

Trim 
Airspeeds 

Clean 7300 4100 201  (aft) 
ON and 
OFF 

V for min 
pwr rq'd 

Heavy hogl *2 8360 4500 195  (mid) ON and 
OFF 

V for max 
R/C 
V for min 
R/D 
0.8VH>VH, 
VL 

Heavy hog l'3 8680 3600 195  (mid) ON and 
OFF 

Heavy hog1'2 7620 3700 201  (aft) ON and 
OFF 

V for min 
pwr rq'd 
0.8VH,VH, 

VL 

Heavy hog1»2 7690 15060 201  (aft) ON 
OFF 

V for min 
pwr rqd 
1.8VH,VL 
O.SVH.VH 

Heavy scout1'3 9000 5000 200  (aft) ON O.SVH.VH 

Clean4 8630 3700 199.5 (aft) ON 
OFF 

O.SVH.VH, 

VL 
VH.VL 

docket pod fairings removed. 
2Rocket pods empty. 
3Rocket pods loaded with rockets. 
''Landing gear cross-tube fairings removed. 
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Table 6. Directional Dynamic Stability. 

1 (' \ i    \-    J 

Control Inputs Left and Right 

Rotor speed = 324 rpm 

Configuration 
Average 
Gross 
Weight 
(lb) 

Average 
Density 

Altitude 
(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Stability 
and 

Control 
Augmentation 
System 

Trim 
Airspeeds 

Clean 7210 4200 201  (aft) ' 
ON and 
OFF 

V for min 
pwr rqd 
V for max 
R/C 
V for min 
R/D 

0.8VH,VH, 

VL 

Heavy hog1»2 7490 5000 201  (aft) 
ON and 
OFF 

V for max 
R/C 
V for max 
R/D 
0.8VH,VL 

1 Heavy hog1'3 9180 4600 200  (aft) 
ON 

OFF 

V for min 
pwr rq'd 
0.8VH,VH, 

VL 
VH.VL 

Heavy hog1»2 7620 15400 201  (aft) 
ON 

OFF 

V for min 
pwr rq'd 
Q.8VH,VH 
VH 

Clean4 8650 3700 199.5 (aft) 
ON 

OFF 

0.8VH,VH, 

VL 
0.8VH,VH 

1Rocket pod fairings removed. 
2Rocket pods empty. 
3Rocket pods loaded with rockets. 
''Landing gear cross-tube fairings removed. 
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Table 7 Longitudinal Controllability in Forward Flight. 

Control Inputs Forward and Aft 

Rotor speed = 324 rpm 

Configuration 

Average 
Gross 
Weight 
(lb) 

Average 
Density 

Altitude 
(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Trim 
Airspeeds 

Clean 6200 

5440 

7610 190 (fwd) 
Vmin, 0.8VH, VH. VL 

Vmin. R/D, Vmax, R/C 

Clean 7780 201 (aft) 
Vmin, 0.8VH. VH, VL 

Vmin, R/D. VmaxR/C   | 

Heavy scout1 5000 9500 200 (aft) 
0.8VH, VH, VL 

Vmax R/C           1 

Heavy hog1 5060 7910 201 (aft) 
Vmin, 0.8VH. VH, VL 

Vmin. R/D. Vmax, R/C | 

Heavy hog1 5470 

5530 

9490 200 (aft) Vmin. 0.8VH, VH, VL 

Vmax. R/C 

Heavy hog1 7840 201 (aft) Vmin, 0.8VH, V„ 
 1 

'Rocket pod fairings not installed. 
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Table 8. Lateral Controllability in Forward Flight. 

Control Inputs Right and Left 

Rotor speed = 324 rpm 

Configuration 

Average 
Gross 
Weight 
(lb) 

Average 
Density 

Altitude 
(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Trim 
Airspeeds 

Clean 4270 7590 201  (aft) 
Vmin. 0.8VH. VH. VL 
Vmin. R/D. Vmax, R/C 

Clean1 4070 7390 199.5 (aft) 0.8VH, VH, VL 

Heavy scout2 5000 9500 200  (aft) 0.8VH, VH, VL,Vmax R/C 

Heavy hog2»3 5180 8580 195  (mid) 
Vmin. 0.8VH, VH. VL 
Vmin, R/D, Vmax R/C 

Heavy hog2»1* 4030 8830 195  (mid) 
Vmin. 0.8VH, VH, VL 
Vmin. R/D, Vmax. R/C 

Heavy hog2 5270 9390 200  (aft) Vmin. 0.8VH, V», VL 

Vmax. R/C 

Heavy hog2 5290 7800 201  (aft) 
Vmin, 0.8VH, VH, VL 
Vmax. R/C. Vmin, R/D 

Heavy hog2 16150 7730 201  (aft) Vmin. 0.8VH, VH, VL 
Vmax, R/C, Vnin, R/D 

landing gear cross-tube fairings removed. 
2Rocket pod fairings not installed. 
3A11 rocket pods empty. 
"All rocket pods fully loaded (1634 lb). 
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Table 9. Directional Controllability in Forward Flight. 

Control Inputs Right and Left 

Rotor speed = 324 rpm 

Configuration 

Average 
Gross 
Weight 
(lb) 

Average 
Density 
Altitude 

(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Trim 
Airspeeds 

Clean 7480 5900 201  (aft) 
Vmin. 0.8V„, VH, VL 

Vmin R/D. Vmax R/C 

Clean1 8680 

9280 

4330 

6060 

199.5 (aft) O.SVH. VH, VL 

Heavy hog2 200  (aft) 
Vmin, O.SVH. VH, VL 
Vmin R/D, Vmax R/C 

Heavy hog2 7640 4650 201   (aft) 
Vmin. O.SVH, VH, VL 

Vmin R/D» vmax R/C 

Heavy hog2 7640 16460 201   (aft) Vmin. O.SVH. VH 

v 

'landing gear cross-tube fairings removed. 
2Rocket pod fairings not installed. 
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Table 10. longitudinal Controllability in a Hover. 

Control Inputs Forward and Aft 

Configuration 

Average 
Gross 
Weight 
(lb) 

Average 
Density 
Altitude 

(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Rotor Speed 
(rpm) 

Clean 

7670 610 196  (mid) 324 

7590 4460 195  (mid) 323 

8635 Sea Level 195.5 (mid) 322 

7370 8550 196  (mid) 324 

8560 4850 195.5 (mid) 

200.0 (aft) 

324.5 

7750 10320 324 

Heavy hog 
7590 730 201  (aft) 324 

9000 750 200  (aft) 324 

413 
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Table 11. Lateral Controllability in a Hover. 

Control Inputs Right and Left 

Configuration 

Average 
Gross 
Weight 
(lb) 

Average 
Density 
Altitude 

(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Rotor Speed 
(rpm) 

Clean 

7400 

7420 

8550 

8480 

7660 

550 

4460 

7420 

4850 

10320 

195.5 Imid) 

196  (mid) 

195.5 (mid) 

195.5 (mid) 

196.0 (mid) 

324 

324.5 

324 

324.5 

324 

1 

1 Heavy hog 

7420 

8600 

8600 

8780 

1 8980 

850 

-160 

480 

030 

770 

201  (aft) 

196.5 (mid) 

198.0 (aft) 

200.0 (aft) 

200.0 (aft) 

324 

322.5 

323 

322.5 

324 
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Table 12.    Directional Controllability in a Hover 

Control Inputs Right and Left 

Configuration 

Average 
Gross 
Weight 
(lb) 

Average 
Density 
Altitude 

(ft) 

Average 
Longitudinal 

Center of Gravity 
(in.) 

Rotor Speed 
(rpm) 

Clean 

7170 560 195  (mid) 324 

7160 550 195  (mid) 313.5 

6980 570 195.5 (mid) 303.5 

7280 4580 195.5 (mid) 323 

7220 4580 195.5 (mid) 314.5 

7330 8550 195.5 (mid) 324 

8630 4790 195.5 (mid) 324.5 

7270 8550 195.0 (mid) 314.5 

8400 4850 195.5 (mid) 314.5 

7560 10320 195.5 (mid) 324 

7490 10320 195.5 (mid) 313.5 

Heavy hog 

7260 980 201  (aft) 324 

8460 -480 195.5 (mid) 323 

8600 060 200  (aft) 323 

8400 -490 196  (mid) 313.5 

8970 450 200.5 (aft) 324 

8770 Sea Level 200  (aft) 313.5 
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Table 13. Aircraft Reaction to Engine Failure. 

Configuration 
Gross 
Weight 
(lb) 

Center of 
Gravity 
(in.) 

Density 
Altitude 

(ft) 

Clean 8500 Aft 5000, 10,000 

Clean 8500 Fwd 5000, 10,000 

Heavy hog 9500 Aft 5000 

Heavy hog 9500 Fwd 5000 

| Clean1 7500 Aft 5000 

^Tests conducted with landing gear cross-tube fairings installed and 
with them removed. 
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APPENDIX IX. SYMBOLS AND ABBREVIATIONS 

Abbreviation Definition 

ALT Altitude 

AVG Average 

COEFF Coefficient 

CG, eg Center of gravity 

COLL Collective 

COND Condition 

CONF Configuration 

CPS, cps Cycles per second 

DEC, deg Degrees 

DESCRIPT Description 

DIR Directional 

DWN Down 

FLT Flight 

FT Feet 

FS Fuselage station 

FWD, fwd Forward 

GRWT, grwt Gross weight 

HQRS Handling qualities rating scale 

HP Horsepower 

IFR Instrument flight rules 

IGE In ground effect 

Unit 

foot 

degree 

foot 

inch 

pound 

417 
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Abbreviation Definition 

in. Inch, inches 

KCAS Knots calibrated airspeed 

KIAS Knots indicated airspeed 

KTAS Knots true airspeed 

LB, lb Pound, pounds 

LAT Lateral 

LEU Leading edge Up 

LN Natural log 

LT Left 

LONG. Longitudinal 

MAX, max Maximum 

MIN, min Minimum 

ND Nose down 

NU Nose up 

NO., no. Number 

PSI, psi Pound(s) per square inch 

REF, ref Reference, referred 

RPM, rpm Revolution(s) per minute 

RT Right 

SCAS Stability and control augme 
system 

SEC, sec Second 

SHP, shp Shaft horsepower 

SL Sea level 

Unit 

inch 

knot 

knot 

knot 

pound 

lb/in. 

rpm 

4N 
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Abbreviation Definition 

S/N Serial number 

STD, std Standard 

SYM Svmbol 

Symbol 

A 

CT 

F 
LAT 

FLONG 

F 
DIR 

R 

R/C 

R/D 

V cal 

H 

COLL 

Definition 

Rotor disc area 

Thrust coefficient 

Lateral control force 

Longitudinal control force 

Directional control force 

Density altitude 

Pressure altitude 

Horizontal stabilizer position 

Rotor radius 

Rate of climb 

Rate of descent 

Calibrated airspeed 

Maximum airspeed for level flight 

Limit airspeed 

Percent 

Angle of attack 

Angle of sideslip 

Collective control position 

Unit 

Unit 

ft2 

pound 

pound 

pound 

foot 

foot 

degree 

foot 

ft/min 

ft/min 

knot 

knot 

knot 

degree 

degree 

inch 
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Symbol 

6DIR 

Definition unit 

Directional control position inch 

6LAT 
Lateral cyclic control position inch 

6 LONG 
Longitudinal cyclic control position. inch 

K Damping ratio -- 

0 Angle of pitch degree 

e Pitch rate deg/sec 

V Pitch acceleration deg/sec 

P Air mass density            , slug/ft3 

* Angle of bank degree 

* Roll rate                    » deg/sec 

V Roll acceleration deg/sec 

n Rotor rotational frequency rad/sec 

* Yaw attitude degree 

* Yaw rate deg/sec 

V Yaw acceleration deg/sec 

"d 
Damped natural frequency cycle/sec 

CO 
n 

Undamped natural frequency cycle/sec 

P Period of oscillation second 

X Amplitude inch 

m Number of half cycles -- 

< Less than -- 

> Greater than -- 
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Subscri El Definition 

a Ambient 

std, s Standard 

t Test 
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APPENDIX X. DISTRIBUTION 

Test Interim Final 
Agency Plans Reports Reports 

Commanding General 
US Army Aviation Systems Command 
ATTN:  AMSAV-R-F 5 5 6 

AMSAV-C-A 2 
AMSAV-D-ZDOR 2 
AMSAV-R-EH 1 1 2 
AMSAV-C-W 2 
AMSAV-R-R . _ 1 

PO Box 209 
St. Louis, Missouri 63166 

Commanding General 
US Army Materiel Command 
ATTN:  AMCPM-AAWS 
PO Box 209 
St. Louis, Missouri 63166 

Commanding General 
US Army Materiel Command 
ATTN:  AMCRD 

AMCAD-S 
AMCPP 
AMCMR 
AMCQA 

Washington, D. C. 20315 

Conananding General 
US Army Combat Developments 

Command 
ATTN:  USACDC LnO 
PO Box 209 
St. Louis, Missouri 63166 

Commanding General 
US Continental Army Command 
ATTN:  DCSIT-SCH-PD 
Fort Monroe, Virginia 23351 

11 11 

2 
1 
1 
2 
1 

11 
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Test Interim Final 
Agency Plans Reports Reports 

Commanding General 
US Army Test and Evaluation 

Command 
ATTN:    AMSTE-BG 2 2 2 

USMC LnO 1 1 1 
Aberdeen Proving Ground, 

Maryland    21005 

«r:- 

t J 

Commanding Officer 
US Army Aviation Materiel 

Laboratories 
ATTN:  SAVFE-SO, M. Lee 

SAVFE-TD 
SAVFE-AM 
SAVFE-AV 
SAVFE-PP 

Fort Eustis, Virginia 23604 

Commanding General 
US Army Aviation Center 
Fort Rucker, Alabama 36362 

Commandant 
US Army Primary Helicopter School 
Fort Wolters, Texas 76067 

President 
US Army Aviation Test Board 
Fort Rucker, Alabama 36362 

Director 
US Army Board for Aviation 

Accident Research 
Fort Rucker, Alabama 36362 

President 
US Army Maintenance Board 
Fort Knox, Kentucky 40121 

Commanding General 
US Army Electronics Command 
ATTN:  AMSEL-VL-D 
Fort Monmouth, New Jersey   07703 
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Agency 

CoBBanding General 
US Any Weapons Coamand 
ATTO:    yWSWE-RDT 

AMSWC-REW 
(Airborne Amaoent Flying) 
Rock Island Arsenal 
Rock Island,  Illinois    61202 

Test 
Plans 

Coamandant 
US Marine Corps 
Washington, D. C. 20315 

Director 
US Marine Corps Landing 

Force Development Center 
Quantico, Virginia 22133 

US Air Force, Aeronautical 
Systems Division 

ATTN: ASNFD-10 
Wright Patterson Air Force Base, 

Ohio 45433 

Air Force Flight Test Center 
ATTN: PSD 

SYSE 
Edwards Air Force Base, 

California 93523 

Naval Air System Comnand 
Headquarters (A530122) 
Department of the Navy 
Washington, D. C. 20350 

Commander 
Naval Air Test Center (FT23) 
Patuxent River, Maryland 20670 

Federal Aviation Administration 
ATTN: Administrative Standards 

Division (MS-110) 
800 Independence Avenue S.W. 
Washington, D. C. 20590 

Interim 
Reports 
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Final 
Reports 
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O 
Agency 

Department of the Army 
Office of the Chief, Research 

and Development 
ATTN:  CRD 
Washington, D. C. 20310 

Department of i"he Army 
Deputy Chief of Staff for Logistics 
ATTN:  LOG/MED 

LOG/SAA-ASLSB 
Washington, D. C.  20310 

Department of the Army 
Army Concept Team in Vietnam 
APO San Francisco 96384 

Test 
Plans 

Interim 
Reports 

Final 
Reports 

■#- 

Director 
US Army Aeromedical Research Unit 
Fort Rucker, Alabama 36362 

Lycoming Division of 
Avco Corporation 

Stratford Plant 
550 South Main Street 
Stratford, Connecticut 06497 

Bell Helicopter Company 
Military Marketing Sales Engineering 
PO Box 482 
Fort Worth,  Texas    79901 

Defense Documentation Center 
Cameron Station 
Alexandria, Virginia    22314 
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The Phase D,  Part   1  airworthiness and qualification handling qualities  tests  of 
the AH-1G helicopter were conducted at Edwards  Air Force Base, California,   and 
auxiliary test sites  during the period  13 June  1968 through 29 July  1969.     Han- 
dling qualities were quantitatively evaluated to determine model  specification 
compliance and to obtain mission suitability  information  for inclusion in tech- 
nical manuals and other publications.    The AH-1G met  all  contractual  requirements 
of MIL-H-8501A except for paragraphs 3.2.4   (cyclic  force gradients),  3.2.7 
(cyclic breakout  forces),  3.5.4.1  (takeoff and  landing in winds),  3.5.5   (auto- 
rotational entry)  and 3.5.5.1  (aircraft reaction  to engine failure).    Tests were 
not conducted to verify compliance with paragraphs 3.5.4.3  (autorotational 
landings),  3.5.4.4  (autorotational  landings)  and  3.5.4.5  (autorotational  landing 
with flotation gear)   of MIL-H-8501A.    By contractual  agreement, the handling 
qualities requirements presented in paragraphs  3.3  (directional  and  lateral 
handling qualities)  and 3.6   (handling qualities during instrument flight)  of 
MIL-H-8501A were not applicable.    The handling qualities of the AH-1G are accept- 
able throughout the flight envelope except for the four deficiencies  for which 
correction is mandatory for mission accomplishment:    excessive cyclic control 
breakout forces;  inadequate directional  control;   inability to achieve maximum 
tail rotor blade angle   (19 deg) when full  left  directional control  is  applied 
for all conditions with the present directional  control/yaw SCAS geometry;  and 
excessive tail rotor horsepower required for hovering and translational  flight. 
In addition,  there were  five shortcomings  for which corrective action  is  desirable. 
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